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® A nucleotide sequence encoding phytase has been Isolated and cloned. The <=°^'"9 ^^^^^^ 
k;serted into an expression construct which in turn has been inserted into a vector capable of transformmg a 
mfcroS exoressio^ host. The transformed microbial hosts may be used to economically produce phytase on 
"rl [pdtstrTsc'rThe phytase produced via the present invention may be used in a variety of processes 
requiring the conversion of phytate to inositol and inorganic phosphate. 
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CLONING AND EXPRESSION OF MICROBIAL PHYTASE 



The present invention relates to the- microbial production of phytase. 
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Background of the Invention 

5 

: Phosphorus is an essential element for the growth of all organisms. In livestock production, feed must 
be supplemented with inorganic phosphorus in order to obtain a good growth performance of monogastnc 

animals (e.g. pigs, poultry and fish). ^ , • ♦ ,„!™,io 

,0 In contrast, no inorganic phosphate needs to be added to the feedstuffs of rum.nant an mals. 
Microorganisms, present in the rumen, produce enzymes which catalyze the conversion of phytate (myo- 
inositolhexakis-phosphate) to inositol and inorganic phosphate. 

Phytate occurs as a storage phosphorus source in virtually all feed substances originating from plants 
(for a review see: Phytic acid, chemistry and applications , E. Graf (ed.). Pilatus Press; Minneapolis, MN, 
USA (1986)) PhytiteFomprTses 1-3% of ail nuts, cereals, legumes, oil seeds, spores and pollen. Complex 
salts of phytic acid are termed phytin. Phytic acid is conside-^d to be an anti-nutritional factor smce it 
chelates minerals such as calcium, zinc, magnesium, iron and may also react with protems. thereby 
decreasing the bioavailability of protein and nutrrtionally important minerals. 

Phytate phosphorus passes through the gastro-intestinal tract of monogastric animals and is excreted in 
the manure. Though some hydrolysis of phytate does occur in the colon, the thus-released inorganic 
phosphorus has no nutritional value since inorganic phosphorus is absorbed only in the small intestine. As a 
consequence, a significant amount of the nutritionally important phosphorus is not used by monogastric 

animals, despite its presence in the feed. . ,. . „u 

The excretion of phytate phosphorus in manure has further consequences. Intensive livestock produc- 
es tion has Increased enormously during the past decades. Consequently, the amount of manure produced has 
increased correspondingly and has caused environmental problems in various parts of the world. This is 
due. in part, to the accumulation of phosphate from manure in surface waters which has caused 

eutrophication. , ^ x • •» i 

The enzymes produced by microorganisms, that catalyze the conversion of phytate to inositol and 

30 inorganic phosphorus are broadly known as phytases. Phytase producing '^'''°'>'^^''^'^\^°r'^l'^l 
bacteria such as Bacillus subtilis (V.K. Paver and V.J. Jagannathan (1982) J. Bacterlol. 151^ . 1102-1108) 
and PseudonomailDX C5ii?5ve (1970) Austral. J. Biol. Sci. 23 . 1207-1220); yeasts such as Sa^ 
char omyces cerevis iae (N.R. Nayini and P. Markakis (1984) Lebensmittel Wissenschaft und Technologie 17 
24-26)- and fungi suc h as Aspergillus ten-eus (K. Yamada, Y. Minoda and S. Yamamoto (1986) Agric. Biol. 

36 Chem 32 . 1275-1282). Various other Aspergillus species are known to produce phytase. of which the 
phytase~Broduced by Aspergillus ficuum has been determined to possess one of the highest levels of 
specific activity, as well as having bSttiTthermostability than phytases produced by other microorganisms 

(unpublished observations). ^ ^ • ■ 

The concept of adding microbial phytase to the feedstuffs of monogastric animals has been previously 

40 described (Ware. J.H.. Bluff. L. and Shieh. T.R. (1967) U.S. Patent No. 3.297.548; Nelson. T.S.. Shieh. T.R.. 
Wodzinski R J and Ware. J.H. (1971) J. Nutrition 101^ . 1289-1294). To date, however, application of this 
concept has not been commercially feasible, due to the high cost of the production of the microbial 
enzymes (Y.W. Han (1989) Animal Feed Sci. & Technol. 24 . 345-350). For economic reasons, inorganic 
phosphorus is still added to monogastric animal feedstufts. . . ^ . ■ , 

45 Microbial phytases have found other Industrial uses as well. Exemplary of such utilities is an industnal 
process for the production of starch from cereals such as com and wheaL Waste products compnsing e.g. 
com qluten feeds from such a wet milling process are sold as animal feed. During the steeping process 
phytase may be supplemented. Conditions (T - 50' C and pH = 5.5) are ideal for fungal phytases (see e.g. 
European Patent Application 0 321 004 to AIko Ltd.). Advantageously, animal feeds derived from the waste 

so products of this process will contain phosphate instead of phytat . 

It has also been conceived that phytases may be used In soy processing (see FinaseTM Enzymes By 
AIko a product information brochure published by AIko Ltd.. Rajamaki. Rnland) . Soybean meal contains 
hi5h levels of the anti-nutritional factor phytate which renders this protein source unsuitable for application 
in baby food and feed for fish, calves and other non-ruminants. Enzymatic upgrading of this valuable protein 
source improves the nutritional and commercial value of this material. 
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Other researchers have become interested in better characterizing various phytases and improving 

parameters of the product obtained by this purification procedure (Uilah A. (1988a) Preparative B.ocnem 
ia 443-458) Pertinent data obtained by Ullah is presented in Table 1. below. ^-^^.^^oh 
- a^no ac-rsecuence of the N-terminus of the A, «cuum phytase protein has W.ce bee ^.c 
by Uilah: Uilah. A. (1987) Enzyme and Engineering conference IX October 4.8 '^f^l^'^'^ f;;'^^^^ 
California (poster presentation): and Ullah. A. (1988b) Prep, ^'ochem. 459-471 . The ammo 

sequence data obtained by Ullah is reproduced in Figure 1 A. sequence E. below_ 

several interesting observations may be made from the d'sc'°s"^«^°' ^'^jl- ^'''sdLpage We have 
preparation described in Ullah (1988a and 1988b) consists of tv.o .""^^^i;; .^^.^^^^^ 

found however, that phytase purified from A. f.cuum contains a contaminant and that one of the bands 
ound on SDS-PAGE. identified by Ullah as a^hTiiiiTis originating ,988b- 
This dlKerence is also apparent from the amino acid sequencing data published .^^ ^"^"^ <Jf 7°°^ 

obSed Tthe procedure as described by Ullah. and seen as one of the two ^^"f °" f ^f-'^^^^^/j^^^^^^^^^ 
1988a and 1988b) Ullah does not recognize the presence of such a contaminating protein, ^ria^ns^ea6 
dent^ieTft as another form of phytase. The presence of such 

in selecting and isolating the actual nucleotide sequence encoding Phytase activity. Furthermore, 
position 12 has been disclosed by Ullah to be glycine. We have consistently found using Prote^njnd DNA 

iyd,a« ISld by hydroU and me appi?!« '"''T'^'- ^''^^Z.ZZS^ TS o- ^ 
PAGE. Wa have lourd. towaver, mat glycosylated phytase has a W"^, '""f ^ 56 5 ^Da. 
KDa «hile lha daglycosylated proteli. has an apparent molecular «e,gM m the range ol 48 56.5 Kua. 

'■'^rxrar^r^hnnrruro— ^ 

and isolation of the DNA sequence encoding phytase has not been described significant 
It will be appreciated that an economical procedure for the production of P^^^^^^^^^^!^ " j^^^ 

of the DNA sequence encoding phytase activity has not been published. 



Summary of the Invention 



The present invention provides a purified and isolated DNA sequence coding P^^^^^'^^^^^ 

peptides or proteins having phytas activity in a suitable expression host oreferably a 

The expression construct provided by the present invention may be inserted into a vector, preferably 
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plasmid. which is capable of transforming a microbial host cell and integrating into the genome. 

It is a further object of the present invention to provide a transformant. preferably, a microbial host 
which has been transformed by a vector as described In the pr c ding paragraph. The transformed hosts 
provided by the present invention are filamentous fungi of the genera Aspergillus . Trichoderma Mucor 
5 and Penicilllum . yeasts of the genera Kluyveromyces and Saccharomyces or bacteria of the genus BaoHus 
Es pecially pre ferred expression hosts are filamentous fungi of the genus Aspergillus . The transformed 
hosts are capable of producing high levels of recombinant phytase on an economical, industnal scale. 

In other aspects, the invention is directed to recombinant peptides and proteins having phytase activity 
in glycosylated or unglycosylated form; to a method for the production of said unglycosylated peptides and 
,0 proteins: to peptides and proteins having phytase activity which are free of impurities: and to monoclonal 
antibodies reactive with these recombinant or purified proteins. ...... 

A comparison of the biochemical parameters of the purified wild-type A. ficuum phytase as obtained by 
Ullah. against the further purified wild-type A. ficuum phytase. obtained via the present invention, is found in 
Table 1 below. Of particular note is the s^cific activity data wherein it is shown that the purified protein 
,5 which we have obtained has twice the specific activity of that which was published by Ullah. 

The present invention further provides nucleotide sequences encoding proteins exhibiting phytase 
activity, as well as amino acid sequences of these proteins. The sequences provided may be used to 
design oligonucleotide probes which may In tum be used in hybridization screening studies for the 
identification of phytase genes from other species, especially microbial species, which may be subse- 

20 quently isolated and cloned. » 

The sequences provided by the present invention may also be used as starting matenals for the 
construction of "second generation" phytases. "Second generation" phytases are phytases. altered by 
mutagenesis techniques (e.g. site-directed mutagenesis), which have properties that diHer from those of 
wild-type phytases or recombinant phytases such as those produced by the present invention. For e'<arTiple. 

25 the temperature or pH optimum, specific activity or substrate affinity may be altered so as to be better 
.suited for application in a defined process. 

Within the context of the present invention, the term phytase embraces a family of enzymes which 
catalyze reactions involving the removal of inorganic phosphorous from various myoinositol phosphates. 
Phytase activity may be measured via a number of assays, the choice of which is not critical to ne 

30 present invention. For purposes of illustration, phytase activity may be determined by measuring the 
amount of enzyme which liberates inorganic phosphorous from 1.5 mM sodium phytate at the rate of 1 
umol/min at37*C and atpH 5.50. „ •„»=„w»h 

It should be noted that the term "phytase" as recited throughout the text of this specification 'S intended 
to encompass all peptides and proteins having phytase activity. This point is Illustrated in Figure 1 A which 

35 compares sequences A and B (sequences which have been obtained during the course of the present work) 
with sequence C (published by Ullah. 1988b). The Figure demonstrates that proteins may be obtained via 
the present invention which lack the first four amino acids (the protein of sequence A lacks the first seven 
amino acids) of the mature A. ficuum phytase protein. These proteins, however, retain phytase activity. The 
complete amino acid sequi-ncTSTthe phytase protein, as deduced from the corresponding nucleotide 

40 sequence, is shown in Figure 8. 

Phytases produced via the present invention may be applied to a variety of processes which require the 
conversion of phytate to inositol and inorganic phosphate. ... . 

For example, the production of phytases according to the present invention will reduce production costs 
of microbial phytases in order to allow its economical application in animal feed which eventually will lead to 
45 an in vivo price/performance ratio competitive with inorganic phosphate. As a further benefit, the phos- 
phorus content of manure will be considerably decreased. 

It will be appreciated that the application of phytases. available at a price competitive with inorganic 
phosphate, will increase the degrees of freedom for the compound feed industry to produce a high quality 
feed. For example, when feed Is supplemented with phytase. the addition of inorganic phosphate may be 
50 omitted and the contents of various materials containing phytate may be Increased. 

In addition to use in animal feeds and soy processing as discussed above, the phytase obtained via the 
present invention may also be used in diverse industrial applications such as: 

- liquid feed for pigs and poultry. It has become common practice to soak feed for several hours pnor to 
feeding. During this period the enzyme will be able to convert phytate to inositol and inorganic phosphate: 

55 - an industrial process for the production of inositol or inositol-phosphates from phytate; 

- other industrial processes using substrates that contain phytate such as the starch industry and in 
fermentation industries, such as the brewing industry. Chelation of metal Ions by phytate may cause these 
minerals to be unavailable for the production microorganisms. Enzymatic hydrolysis of phytate prevents 
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''"Th'TeTd" other objects and advantages of the present invention will become appar nt from the 
following detailed description. 



Brief description of the Figures 

,o ""'TJ- terminal amino acid sequences as determined for purified phytase. The amino acid sequences 
" fabeled Tand eTe provided' by the present invention, and -'^i-^VrJLrS^^^ 

isoelectric points of 5.2 and 5.4. respectively. Sequence C .s cited from Ullah (1987 1988b sup a^ 
Vhe amino acid residue located at position 12 of sequences A and B '^-^'^-"Jj^-T'S^^^ 
present invention not to be a glycine residue. [' denotes no unamb>gous .dent.f.cat.on. denotes no 

" rrrrafamino acid sequences o, CNBr-cleaved internal 33^^^^^^^ 

sequences labeled A and B (apparent molecular weight approximately 2.5 f ^/"^ ^J. ^^^P^^*^^;;, 
respectively) are provided by the present Invention. Sequences C through E are cited from Ullah 

C.^N-tmiS amino acid sequence of a 100 kDa protein which has been found by the present 
invention to be present in crude phytase sannples. 

"Tongonucleotlde probes designed on basis of the data from Figi^e 1A, P^P«f j/^f ^^f^ |- 
B. Oligonucleotide probes designed on the basis of the data from '^'S^.^Vthk^r'^S ohoJohatse 
25 Fiaure 3 Oligonucleotide probes used for the isolation of the gene encoding the ac'^-P^^^P^.^J^^- 

fZI 4. Resection map'of bacteriophage lambda AF201 containing the f V^-^ j?^"- ° ^^^,3 

The arrow indicates the position of the phytase gene and the °^ ^^^^^^^^^^^ 

the subclones derived with indicated restriction enzymes from phage AF201 in pAN 8-1 (for pAh V 

30 fJu:: r^hXlin 7^TrL 10 .b Bam H, fragment, inserted in pUC19. contains the entire 

^P^ure-Tor^rof^^^^^^^^^^ .as-^ds pap 2-3. PA--e - 

encompassing L chromosomal phytase gene locus. The phytase ^'^'"^ 
nucleoL position 210 to position 1713; an Intron P--"* j". ^J^^'l^^^^^^"^' ^^^^^^^^ 
35 position 254 to position 355. Relevant features such as restriction sites, the phytase start ants stop 

Phvtase chromosomal locus, the arrows indicate the 

'ngr8™^^^^^^^^^^ l^SrrSn of the phytase cONA fragment and the d^^^^^^^^ 

.0 aZl acid sequence of the phytase protein: the start of the mature phytase ^^^^ ^^^^^^^^^ 
position The amino-terminus of the 36 kDa internal protein fragment is located at ammo acid 
«n=i««n Pill whereas the 2 5 kDa protein fragment starts at amino acid position 390. 

9 PHysSraTm^^^^^^^^^ ph^ase expression cassette pAF 2-2S. Arrows indicate the direction of 

« X^T]^S:^^^^er^ Of the overexpression of phytase in an ^ ^RRL 3135 U^^^^^^^^^ 

mant. Equal volumes of culture supernatant of A. ficuum (lane 1 ) and transforman pAF 2^2S SP7 (lane 
2) grown under identical conditions, were analyFed on a Phast-System (Pharmacia) '^'^-P^Q^ 9^' " 
pH-?^ge of 4.5-6. For comparison, a sample of A, ficuum phytase. purified to ^^'^^^^^''j^J^' ^^^^^ 
eitt,rseparately (lane 4), or mixed with a culturrsT]pi?F-atant (lane 3). The gels were ^•^•'^L^*!';^ 7'*^ 

50 a Xsphatase stlin described in the text (A), or with a general protein stain (Coomassle Bnll.ant Blue. 

Pi^gu^l'i'SAGf eJ^^^^^^^ of phytase in A, ^ CBS 513.88 transformants. 

Equ^r vJurifes oft'ture supernatants of the A, niger par nt strain (lane - 

2S #8 (lane 2) DFYT3 #205 (lane 3) & #282 (lane 4) were analysed by lEF- PAGE as described in tne 
5s fegendTFig.' lO^The gels were either stained by a general phosphatase activity stain (A) or by a 

nAnsrai nrotain Stain (B). Phytas bands are indicated by an astensk. 

?^ure 12 Xs^^^^ i^ap oipAB 6-1. The 14.5 kb Hin dill DNA insert In pUC19 contains the entire 
glucoamylas (AG) locus from A. niger . 
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Figure 13 A schematic view of the generation of AG promoter/phytase gene fusions by the polymerase 
chain reaction (PGR). The sequences of all oligonucleotide primers used are indicated in the text. 
Fiaure 14 Physical map of the phytase expression cassette pAF 2-2SH. 

F gure ^5. Physical maps of the intermediate constructs pXXFYTI. P><><'^2 and the phytase expre^^^^^^^^ 
cassettes pXXFYT3. wherein XX Indicates the leader sequence (L). In p18FYT# and p24FYT# respec- 
tively the 18 aa and the 24 aa AG leader sequence are inserted whereas in pFYT#. the phytase leader is 
used. 

Figure 16. Physical map of plasmid pFYTSAamdS. 
Figure 17. Physical map of plasmid pFYTSINT. 

Figure 18. Physical map of the phytase/AG replacement vector pREPFYT3. 

Figure 19. Autoradlographs of chromosomal DNA. digested with Pvu II (A) and Bam Hi (B) ana 
hybridized with the «P-labeled A. ficuum phytase cDNA as probe of the microbial species S. cerevisiae 
(lane 2); B. subtilis (lane 3); K. iTctiiliiRe 4); P. crysogenum (lane 5): P. aeruginosa (lane 6); S. hvidar^ 
(lane 7); A? fjigiF T ug (lane 8)i ATPTger 5 ug (iTne 9): blank (lane 1 0): C. thermocellum (lane 11). Lane 1 ; 
marker DNA. 

Detailed Description of the Invention 



The cloning of the genes encoding selected proteins produced by a microorganism can be achieved in 
various ways. One method Is by purification of the protein of interest, subsequent determination of its N- 
terminal amino acid sequence and screening of a genomic library of said '"^ ^ DNA 

oligonucleotide probe based on said N-terminal amino acid sequence. Examples of ^"^^ ^u^^^sU^ 
application of this procedure are the cloning of the Isopenlcillin N-synthetase gene from Cephalosponurn 
acremonium (S.M. Samson et al . (1985) Nature 318 . 191-194) and the isolation of the gene encoding the 
TAKA amylase for Asp ergillus oryzae (Boel et al . (1986) EP-A.0238023). ^^^r^mna 

Using this pro cedure. an ^ttiFTpt has-biin made to isolate the Aspergillus ficuum gene encoding 
phytase. The protein has been purified extensively, and several biochemical parameters have been 
determined. The data obtained have been compared to the data published by Ullah (1988a). Both sets of 
data are given in Table 1 , below. 
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pj nnh^Tnical paraTnet e >-<= purified vjld-type A, 



f icuuin 



Specific activity* 
Purity: SDS-PAGE 
: lEF-PAGE 
Km (Affinity constant) 
Specificity for: 

Inositol-l-P 

Inositol-2-P 
pH optimum 
Temp . opt imuin ( • C ) 
MW (kDa)** 

MW (unglycosylated) ** 
Isoelectric Point*** 



Present invention 
100 U/mg protein 
85 kDa 

3 or 4 bands 
250 MM 

not active 
Km = 3.3mM 
2.5 and 5.5 
50 
85 

56.5 
5.0-5.4 



Ullah 
50 U/mg protein 
85 / 100 kDa 
not done 
40 /xM 

not active 
5% activity 
2 . 5 and 5 . 5 
58 

85 and 100 

61.7 

4.5 



Phytase activity is measured by Ullah at 58 -C rather 
than at 37-C. A unit of phytase activity is defined as that 
amount of enzyme which liberates inorganic phosphorus from 
1.5 mM sodium phytate at the rate of 1 Mi«ol/min at 37*0 and 
at pH 5.50. TO compare the fermentation yields and the 
specific activities, the activities disclosed by Ullah were 
corrected for the temperature difference. The correction is 
based on the difference in phytase activity measured at 37-C 
and at 58-C as shown in Table III of Ullah (1988b). 



Apparent Molecular Weight as determined by SDS-PAGE. 



*** As determined by lEF-PAGE 

,n car to isolate the O-e enc„^ 
7::1ZS.ZT::i~T^e steps^we. ta.en to isolate the gene 

encodrS^^^ thereby using the protein data published by ^^^^^.-^'^^^^^^^ 2' 

eSm Tr 397-422). For acid-phosphatase. the corresponding gene has been '^^'^tf 
t!r Howe^r' lor phytase. the situation appeared to be different. Despite many attenr,pts rn whjch probes 
c^^rlv^d 3thrN-terS^ amino acid sequence were used, no genorT,ic DNA fragments or clones from 
fhe genomic rary could be isolated which could be positively identified to encompass the gene encodmg 

"''^rovercome this problem, th purified phytase was subjected to CNBr-dir cted cleavage and the 
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resulting protein fragments were isolated. The N-termlnal amino acid sequences of these fragments were 
determined (Fig IB), and new oligonucleotide probes were designed, based on the new data (Fig. 2B). 
Surprisingly, the new oligonucleotide probes did identify specific DNA fragments and were suited to 
unambiguously identify clones from a genomic library. No cross hybridization was observed between the 
new clones or DNA fragments isolated there from, and the first set of oligonucleotide probes or the clones 
isolated using the first set of probes. 

It will be appreciated that this second set of probes may also be used to identify the codmg sequences 

' Theliewrisolated clones were used as probes in Northern blot hybridizations. A discrete mRNA could 
only be detected when the mRNA was isolated from phytase producing mycelium. When RNA from non- 
phytase producing mycelium was attempted, no hybridization signal was found. The mRNA has a size ol 
about 1800 b, theoretically yielding a protein having a maximal molecular weight of about 60 KDa. This 
value corresponds to the molecular weight which has been determined for the non-glycosylated protein, and 
the molecular weight of the protein as deduced from the DNA sequence. 

fy/loreover. when introduced into a fungal cell by transformation, an increase in phytase activity could be 
demonstrated. This indicates conclusively that the nucleotide sequence encoding phytase has indeed been 
isolated The amino acid sequences which have been determined for the purified phytase enzyme, and for 
the CNBr fragments obtained therefrom, concur with the amino acid sequence deduced from the sequence 
which was determined for the cloned gene. The nucleotide sequence and the deduced ammo acid 
sequence are given In Figures 6 and 8. and further illustrate the cloned sequence encoding phytase. 

The isolation of the nucleotide sequence encoding phytase enables the economical production of 
phytase on an industrial scale, via the application of modem recombinant DNA techniques such as gene 
amplification, the exchange of regulatory elements such as e.g. promoters, secretional signals, or combina- 

AccoTdingly. the present invention aJso comprises a transformed expression host capable of the efficient 
expression of high levels of peptides or proteins having phytase activity and, if desired, the efficient 
expression of acid phosphatases as well. Expression hosts of interest are filamentous fungi selected from 
the genera Aspergillus , Trichoderma . mcor and Penicillium . yeasts selected from the genera 
Kluvveromyc es and Sac charomyces and baStiriTof the genus Bacillus . Preferably, an expression host is 
selected which is capable of the efficient secretion of their endogenous proteins. 

Of particular interest are industrial strains of Aspergillus . especially niger . ficuum . awamori or oryzae . 
Altematively, Trichoderma reesel , Mucor miehel . Kluyveromyces lactis . Saccharomyces cerevisiae . 
Bacillus subtilis or Bacillus li cheniformis may be used. 

Thi"iSpFiision"^5FitRict will comprise the nucleotide sequences encoding the desired enzyme product 

to be expressed, usually having a signal sequence which is functional in the host and provides for secretion 
of the product peptide or protein. u- i, 

Various signal sequences may be used according to the present invention. A signal sequence which is 
homologous to the cloned nucleotide sequence to be expressed may be used. Alternatively, a signal 
sequence which Is homologous or substantially homologous with the signal sequence o a gene at the 
tarqet locus of the host may be used to facilitate homologous recombination. Furthermore, signal sequences 
which have been designed to provide for improved secretion from the selected expression host may a so be 
used. For example, see Von Heyne (1983) Eur. J. Biochem. 133 . 17-21; and Perlman and Hal verson (1983) 
J Mol Biol 167 391-409. The DNA sequence encoding the signal sequence may be joined directly 
through the se^^ence encoding the processing signal (cleavage recognition site) to the sequence encoding 
the desired protein, or through a short bridge, usually fewer than ten codons. 

Preferred secretional signal sequences to be used within the scope of the present invention are the 
signal sequence homologous to the cloned nucleotide sequence to be expressed, the 18 amino acid 
glucoamylase (AG) signal sequence and the 24 amino acid glucoamyiase (AG) signal sequence, the latter 
two being either homologous or heterologous to the nucleotide sequence to be expressed. 

The expression product, or nucleotide sequence of interest may be DNA which is homologous or 
heterologous to the expression host. 

"Homologous" DNA is herein defined as DNA originating from the same genus. For example. 
Aspergillus is transformed with DNA from Aspergillus . In this way it Is possible to improve already existing 
properties of the fungal genus wrthout Introducing new prop rties. which were not present in the genus 
b9for9 

"Heterologous" DNA is defined as DNA originating from more than one genus, i.e.. as follows from the 
example given in the preceding paragraph. DNA originating from a genus other than Asp rgillus . which is 
then expressed in Aspergillus . 
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Nucleotide sequences encoding phytase activity are preferably obtained from a fungal source More 
preferl^srarphytase encoding nucleotide sequences obtained from the genus AspergMlus . Most preferred 
-rnnonco- aro nht?l"°'^ spacies Aspergillus ficuum or Aspergillus niger . 

The reo^n 5^ open reading frame In the nucl eotidTii^nce of interest w.il compr.se the 

s transcr^tSini'atl regulatory region (or promoter). Any region ' V:!;;,^,:;' be' eTpSsfd' 

including the promoter which is homologous to the phytase-encoding nucleohde sequence to be expressed^ 
Howre? fo^ Xhl most part, the region which is employed will be homologous wrth the region of the target 
TocrThi his r effect of substituting the expression product of the target locus with the express.on 
produc^of interest. To the extent tf.at the level of expression and secretion of the target locus encoded 
,0 protein provides for efficient production, this transcription initiation regulatory region """^ 
to be'satisfactory. However, in some instances, one may wish a higher level of transcnpfon than the target 
ocSs geror o^ne may wish to have inducible expression employing a particular induang agent. In those 
nstances a transcriptional initiation regulatory region will be employed which is different from the reg.on n 
he target' focus gene. A large number of transcriptional initiation -^^'^^^^J^-/;^;^^^^^^^^ 
,5 functional in filamentous fungi. These regions include those '7^" 9«"f '"^ gsA P^r 4 Pyr G 
fungal amylase, acid phosphata se. GAPDH. Trp C. Amd S. Ale A Aid A, h.stone H2A. Pyr 4. Pyr e, 
isopenicillin N synthetase. P6K. acid protease, acyl transferase and the like. .vnression 

The target locus will preferably encode a highly expressed protem gene Ke.. a 9«"«J^^^^^^^^ 
product is expressed to a concentration of at least about 0.1 gll at the end 'e-rnent^'^" ^^^^ gj^'" 
20 duration of this process may vary inter alia on the protein product desired. As ^n exampte such a gene 
the aene encoding glucoamylase (AG)" iilFlustrative. Other genes of interest include fungal a-aniylase. acia 
phosphatase^ P^^^^^ lipase, phytase and ce.lobiohydro.ase. ^^^-^^^l^^l^^^^^^^^^^^ 

are the alucoamylase gene of A . niger . the fungal amylase gene of A . oryzae . the cellob.ohydrolase 
genes of'T r^t . the acid proteallgene of Mucor miehei . the lactase gene of Kluyveromyces lactis or 
25 the invertase gene of Saccharomyces cerevisiae . . , th« tarnet locus or 

The transcription al termination reg ulatory region may be from the gene of .nterest. the ^^'^^'1°^^^°' 
anv othe convenient sequence. Where the construct includes further sequences of interest downstream (in 
the d^^c ion Of t anlripW^ from the gene of interest, the transcriptional tem^ination regulatory region, if 
homo 10^^^^^^^^ the target locus, should be substantially smaller than the homologous flankmg region. 
30 rs Jectlorma^er is usually employed, which may be part of the expression construct or separate 
" from the eCession construct, so that it may integrate at a site different from ^r 
recombinant molecules of the invention are preferably transformed to a host fain that can be used tor 
nd'strproduction. se.ec«on markers to monitor the transformation f^^^^^^^^ ^^l^^^ J^", 
markers 1 e no mutations have to be introduced into the host strain to be able to use these seiecuon 
OS 72rs. S^mptos of these are markers that enable transtormants to grow on defiried nutrient sourc s (e^g^ 
the A nidulans amd S gene enables A. niger transtormants to grow on acetam.de as 
source; oT^erFthat confer resistance-to-^biotics (e. g.. the bte gene confers res.stance to phleomycm 

or the hph gene confers resistance to hygromycin B). . ^ . • ,ia»r,rw 

ThiTelection gene will have its own transcriptional and translational initiation and termination egulatory 

^ regions to ^^Tw forTndependent expression of the marker. A large number of transcriptional .n..a ,on 
reoL^aforv req^ns are known as described previously and may be used in conjunction with the marker 
"ene Wher^'anTbi"^ resistance Is employed, the concentration of the antibiotic for selection will vary 
deoendino upon the antibiotic, generally ranging from about 30 to 300 ug/ml of the antibiotic. 

' The various equences may be joined in accordance with known techniques, such a-es ncjon. joujing 

.5 complementary restriction sites and ligating. blunt ending by filling in overhangs and blunt ligation Bal 31 
resec fon pS^r repair, in vitro mutagenesis, or the like. Polylinkers and adapters may l.e e-^P'oved. when 
LonroSte Tnd introduced or removed by known techniques to allow tor ease of assemWy of the 
SSorf'coStruc^^^^^^^ each stage of the synthesis of the construct, the fragment may be cloned. 
3S by resSon enzyme, sequencing or hybridization, or the like. A large number of vectors are 

50 "Se fo? "ori'g and L'pa^cular choice Is not critical to this Invention. Normally, cloning will occur in 

- ^he flanking regions may include at least part of, the open reading frame of the target locus. Particularly 
the slona sequence the regulatory regions 5 and 3' of the gene of the target locus, or may extend beyond 
me SltoTre^^^^^ flanking region will be at least 100 bp. usually at least 200 bp. and may 

55 be 5oS bp or more. The flanklig regions are selected, so as to disrupt the target gene and prevent its 
expression ThiTcan be achieved by inserting the expression cassette (comprising th nucleotide sequence 
to bTeTressed and optionally Including additional elements such as a signal sequenc . a transcnp lonal 
nitfaU regulatory region sequence and/or a transcriptional termination regulatory region sequence) into 
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the ODen reading frame proximal to the 5 region, by substituting all or a portion of th target gene with he 
exprrsro "instruct, or by having the expression construct intervene between the transcnptional .n.Uat.on 
reartory regton at the target locus and the open reading frame. As already, .nd.cated. where the 
^:^oZLry region i homoiogous with the region at the target locus t^^^ 3 -f.anK.ng reg.on should 

rr nhvtase enzymes with properties that differ from those of the enzyme isolated heren. 
Sd^ge L^^^^^^^^^^^^ hale I cLged temperature or pH optimum, -hange^ 

or affinit? for its substrates, or any other changed quality that makes the «"^y'^;^"l°^«/;^^^,*^^^^^^^^^ 
in a defined process. E. coli is the best host for such mutagenesis 9- ^'f ^'^^^'^^"^"i^^ene^s)^ S,^^^^^ 
E. coli lacks L splicinl 7?^ichinery for the removal of introns which m.ght be present ,n the P^ytase gene^ 
FcDNA clone of phytase is the sequence of choice to be expressed in E. coh . Th.s cDNA sequence can 
be Readily r^utateS by procedures well known in the art. after which the mutated gene may be introduced 

into the desired expression constructs. ,.irf-„iar or mav 

The construct may be transformed into the host as the cloning vector, either linear or circular, or may 
be rimoved fror^ t^Tcloning vector as desired. The cloning vector is preferably a plasmid. The plasr^id w-M 
uLal^ba Nnearized within about 1 kbp of the gene of interest. Preferably. J^^^ -^^f^^^^^^^ 
production of the phytases of the present invention will be integrated into the genome of the selected 

"Tv^rirof techniques exist for transformation of filarr^ntous furjgi. ."^f-^^^f ^[iJ^^-J^^^^^^^^^ 
protoplast fusion or transformation, electroporation and micro-projectile firing into cells. Protoplast trans 
formation has been found to be successful and may be bed with advantage. nmp^tion of the 

Mycelium of the fungal strain of interest is first converted to protoplasts by ^"t^'"^'''^^^'^^^ '°" °* 
cell w "n the presence'of an osmotic stabilizer such as KG. or sorbitoL DNA uptake the p-top. s s 
aided by the addition of CaCb and a concentrated solution of polyethylene glycol, the ^tt«r substance 
cau^ng aggregation of the protoplasts, by which process the transforming DNA ,s -nduded in the 
Sg^gates ' S taken up by the protoplasts. Protoplasts are subsequently ^''^^f J^^^,^-;-*^^^^^^^^ 
medium, containing an osmotic stabilizer and. when appropriate, a selective agent, for which the resistance 

' A^TseiL^^^^^^^^^ presence of the gene of interest may be determined in a vari^y of 

ways X empSng antibodies, where the expression product is heterologous to the host one can detect 
The p;esercrorexp^^^^^^ of the gene of interest. Alternatively, one may use Southern or Northern blots to 
detect the presence of the integrated gene or its transcription product achieved via 

Amollfication of the nucleotide sequence or expression constmct of interest may be achieveo via 
stanStcSuel Lch as. the introduction of multiple copies of the con^i^ct t^^e — - 
or the use of the amd S gene as a selective marker (e.g. Weinans et al . (1985) Current | ' 

368? The DNA seance to be amplified may comprise DNA which is either homologous or heterologous to 

""^'-I^T^y^i:^^'^^^^^ convenient nutrient medium. Low concentrations of a protease 

inhibtor may be 'employed, such as phenylmethylsulfonyl fluoride, -^-acro-globulins jP^aJ^^^^^^ 

like Usually; the concentration will be in the range of about 1 ug/ml to 1 mg/ml. The protease gene(s) may 

rrtir: ^X^rt:J^S^:f:^^:^o. reactors, where the nutrient 

j^Srs™^^^^^ - he employed, such as chromatography (e. 

g . HPLC). solvent-solvent extraction, electrophoresis, combinations thereof or the like 

The present invention also provides a downstream processing method in which the fermentation broth 
(optirnalirpurifU is filtered, followed by a second germ-free filtration, after which the filtered solution .s 
concentrated The thus-obtained liquid concentrate may be used as follows: 
, aXXte and other proteins may be precipitated from the liquid concentrate by -^^^l^^^^'l^l^? ^ 
final volume of 60% (vVv) under continuous stirring. The precipitate may be dried in a vacuum at 35 C. 
- Tfter grinding the dry powder, the enzyme product may be used as such for application experiments. 

he spray-dried using conven«onal spray-drying-t chniques. Recovery 

' nVuquironcerarma^ be mixed with carrier materials such as wheat bran. The thus-obtained 

mivtiiro mav be dried in a soray tower or In a fluid bed. 

S te S^onSntL Ly\e osmotically stabilized by the addition of .g. sorbitol. A preserva.ve 
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Other micro-organisms. 

Example 1^ 

Fermentation of ficuum NRRL 3135 

inoculum for a final 500 liter batch fermentation. alucose HjO' 0.6 g/l 

The rr^edia used contains: 91 g/l corn starch (BDH Chemicals Ltd.). 38 9^' 9'"^^^^^^^^ ^ 
MgSoT7H.O; 0.6 g/l KCl: 0.2 g/I FeS0..7H.O and 12 g/l KNO3. The pH was ma.ntamed at 4.6 - 0.3 by 

^"Tetl":;*^^^^^^^^^ dissolved oxygen concentration of 25% air 

satuSion. Phyta'se production reached a maximum level of 5-10 U/ml after 10 days of fermentafon. 

Example 2 



35 



Purification and characterization of A. ficuum phytase 
A. Phytase activity assay 

' of broth filtrate (diluted when necessary) or supernatant or 100 ul of derr^iwater as reference are 

added to an incubation mixture having the following composition: 
40 - 0.25 M sodium acetate buffer pH 5.5. or 

- glycine HCL-buffer pH 2.5 

- imM phytic acid, sodium salt 

" "'^^'Llg ml'l IS incubated ,or M ™nu»s a. 37' 0. Th, ™.c,io. is slopped b, "'J, 

FeS04-7H20 in 50 ml of ammonium molybdate solution (2.5 g (inmos^vio/wz* 

50 of 0 - 1 mMol/i. 
Phosphatase stain 

♦ «,ith nhoc^natase activity were detected by isoelectric focusing using a general 
" ohosohatre stin le gelTaf fncubaXith a solution of a-naphthylphosphate and Fast Garnet GBC sa 
phosphatase statrv^TTiege w^ ^^^^^^^ ^^^^^ 5 5 The reaction, which resu ts m 

'S^Z^LncV^X^^^^^^^ - either terminated with n,ethano.:acetlc add (30:10 %. v/v). or. 
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should the protein having phytase activity be further required, by rinsing with distilled water. 

B. Purification of A. ficuum phytase 

Phytase was purified to homogeneity from the culture broth of A. ficuum NRRL 3135. The broth was 
first made germ-free by filtration. The resulting culture filtrate was sub sequently further concentrated in a 
Filtron ultrafiltration unit with 30 kD cutoff filters. The pH and ionic strength of the sample were adjusted for 
the purification procedure by washing the sample with 10 mivl sodium acetate buffer pH 4.5. The final 
concentration in this ultrafiltration procedure was approximately 20 fold. ,^,,.n on i 

The sample was then applied to a cation exchanger (S-Sepharose Fast-Flow in a HR 16/10 20 ml 
column, both obtained from Pharmacia) in a Waters Preparative 650 Advanced Protein Puriflcat.on System. 
The proteins bound were eluted with a sodium chloride gradient from 0-1 M in the sodium acetate buffer. 
Phytase eluted at approximately 250 mlVI NaCI. Phytase activity containing fractions were pooled, con- 
centrated and desalted by ultrafiltration. The resulting solution was applied to an anion excfianger (Q- 
Sepharose Fast-Flow in a HR 16/10 20 ml column. Pharmacia), and the proteins were again eluted by a 
sodium chloride gradient from 0-1 M In the acetate butter described above. Phytase was eluted from th.s 
column at approximately 200 mM NaCI. . 

The result of these purification steps Is a partially purified phytase preparation with a specific activity of 
approximately 40-50 U/mg protein. Indicating a 25-fold purification. 

Analysis of the purity of the partially purified phytase Indicated the presence of a maior impurity with a 
molecular weight of approximately 100 KDa (Fig. IB. sequence E). Isoelectric focusing Indicated the 
presence of a number of phosphatase activity containing enzymes, including 3-4 phytase subforms 
(isoelectric points varying from 5.0-5.4) (Fig 1A. sequences A and B). 

In order to obtain a homogeneous phytase preparation, a further two-fold purification was achieved by a 
subsequent separation of the components of the partially purified phytase by Isoelectric focusing in a LKB 
fvlultiphor system on Ampholine PAG plates (pH range 4-6.5). The proteins with phosphatase activity 
(including the phytase) were detected by the general phosphatase staining procedure descnbed above, me 
bands of interest were subsequently excised from the gel and the active protein was eluted by a 16 hr 
incubation of the gel slices in 10 mfy/l sodium acetate buffer 5.5. The protein fractions were analysed in the 
specific phytase activity assay, as described In Example 2. thus discriminating the phytase fractions rom 
other acid phosphatases. The final purification factor for phytase was approximately 60 fold (specific activity 
of final preparation 100 U/mg protein). In this final purification step it was also possible to isolate different 
subforms of phytase (Hg. 1 A, sequences A and B). „ ,• ^ 

Monoclonal antibodies directed against the A. ficuum phytase were prepared, providing an effective 
purification procedure. The antibody was coupled to cyanogen bromide-activated Sepharose 4B (5 mg/mi 
gel) and this matrix was used in a immunoaffinity column. The matrix was shown to bind approximately i 
mg 'phytase per ml. The phytase could be eluted from the affinity column with a pH 2.5 buffer (100 mM 
glycine-HCI. 500 mM NaCI) without any loss of activity. This procedure can be used to isolate homo- 
geneous phytase from a crude culture filtrate in one single step with an 80% recovery and a 60-fold 
purification. 

C. Deglycosylation of phytase 

A. ficuum phytase (70 ug protein) was incubated with 2.5 U N-Glycanase (Genzyme) in 0.2 M sodium 
phosphate buffer pH 8.6 and 10 mM 1 ,10-phenanthroline in a total volume of 30 ul. 

After 16 hrs at 37* C. the extent of deglycosylation was checked by electrophoresis (Phast System, 
Pharmacia). The apparent molecular weight of the phytase was found to decrease from 85 kDa to 
approximately 56.5 kDa. The periodic acid Schlff (PAS) sugar staining, which Identifies native phytase as a 
glycoprotein failed to detect any residual carbohydrates attached to the protein. The complete removal of 
carbohydrate was further substantiated by the sensitive lectin-blotting method. Native and deglycosylated 
phytase (both 1.5 ug) were run on a standard SDS-PAGE gel and electrophoretlcally transferred to a PVDF 
membrane (Immobilon. Millipore) In 25 mM TRIS-glyclne buffer pH 8.3. 20% (v/v) methanol, for a period of 

16 hrs at 30V. . , ^ » u « w 

The membrane was subsequently Incubated with 1% (w/v) bovine serum albumin In phospate buffered 
saline and incubated with concanavalln A-peroxidase (Sigma. 10 ug/ml In phosphate buffered saline). The 
peroxidase was then stained with 4-chloro-1 -naphthol (Sigma). 
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This sensitive method also failed to detect any residual carbohydrate attached to the deglycosylated 

Atter deglycosylation, phytase has completely lost its activity, possibly due to aggregation of the 
enzyme. 

Example 3 



Determination of the amino acid sequence of phytase and design of oligonucleotide probes 

A. Determination of the N-terminal amino acid sequence 

Phytase was electrophoretically transferred from SDS-PAGE or from lEF-PAGf °nto a PVDF blotting 
membrane (Immobilon. Miilipore). Electroblotting was performed in 10 ^APS (3-cydohexyl^^ 
propanesulfonic add) buffer pH 11.0. with 10% (v/v) methanol, for a period of 16 hrs at 30V and 4 U 

The protein was located with Coomassle Brilliant Blue staining. The band of mterest was exased 
further destained in methanol and subjected to gas-phase sequendng. The P^°^«'^^^%^^^^f,^; ""''^^^^^^^^^ 
several times, using several individual preparations. The results obtained are g.ven m Figure 1 A (sequences 

^ ' TheLlno add sequence has also been determined for a 100 KDa protein that was present in crude 
preparations. The data obtained for this protein are given in Figure 1C. This ^^^^ 
hornology with the acid phosphatase that has been isolated from Aspergillus n^ger (MacRae et al . (1988) 
Gene 71 . 339-348). 
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B. Determination of internal amino acid sequences 



Protein fragmentation by cyanogen bromide 



Phytase. purified to homogeneity, was transferred into 100 mM NaHCO, by "'tra 
(MIcLoncentrator Centricon 30. Amicon). The protein was -'^^^.''"^"JVr' /TLJS^^^^^ 
rHIuoroacetIc add (v/v). and incubated for 6 hr with an approximately 300-fold molar excess of CNBr Jhe 
reaction was temi nated by dilution of the mixture with water. The resulting fragments were again 
yoprzeHh sample was'then dissolved In SDS-PAGE sample buffer containing DTT (dithic^hreitol^^^^^^^^ 
tL extent of fragmentation was detemiined by PAGE. Analytical PAGE was performed on a Pharmac a 
Phast-System unit, on 20% SDS-PAGE gels. The gels were prerun to create a continuous buffer system to 
fmpr ve'me sepiation of the smal, peptides (according to the manual^ Peptides f;*-;-* 
silver-staining technique known in the art. since Coomassie Brilliant Blue failed to detect the smallest 
prpt[drre result o' the procedure was a complete degradation of phytase into peptides w,th molecular 
wfiinhts of < 2.5 kDa. 36 kDa. 57 kDa and 80 kDa. 

%Te peptides were isolated for gas-phase sequencing by SDS-Tridne-PAGE as described by Schagger 
& Jagow (1987) Anal. Blochem. 166 . 368-379 followed by electroblotting as described above^ 

The N-terminus of the 57 kOTTragment is identical to the N-terminus of phytase as determined by Ullah 
(1988b suora) with the exception of the first four amino acids which are absent (Rgure 1A. sequence 
?he N terminal' sequences of the 2.5 kDa and 36 kDa peptides are shown in Figure IB as sequences A and 



50 B. 



C. Oligonucleotide probes 

55 Oligonucleotide probes have been designed, based on the amino acid sequences given in Figure 1A 
and T and were prepared using an Applied Biosystems ABI 380B DNA synthesizer. These 
Oligonucleotides are given in Figure 2A and 2B. 
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Example 4 



Hybridization of genomic blots and genomic libraries with a first set of oligonucleotide probes 

Genomic DNA from A. ficuum has been isolated by grinding the mycelium in liquid nitrogen, using 
standard procedures (e.g-YiitoJTit al (1984) Proc. Natl. Acad. Sd..U.S.A.. 1470-1474). A genomic library 
was constructed in the bacteriophage vector lambda EMBL3. using a partial Sau 3A digest o A^ Jcuum 
NRRL 3135 chromosomal DNA. according to standard techniques {e.g. Maniatis et al . (1982) Molecular 
cloning, a laboratory manual . Cold Spring Harbor Laboratory. New York). The thus-obtained genomic library 
containe d 60 to 70 tii^^iiThe A. ficuum genome. The library was checked for the occurrence of plaques 
without insert by hybridization ^^ithlhiTambda EMBL3 stuffer fragment. Less than 1% of the plaques were 
observed to hybridize to the lambda EMBL3 probe. The insert size was 13 to 17 kb. 

To identify conditions and probes that were suited for the screening of the genomic library, genomic 
DNA was digested with several restriction enzymes, separated on agarose gels and blotted onto 
Genescreen plus, using the manufacturers instructions. The blots were hybridized with all oligonucleotide 
probes. Hybridization was perfomied usings conditions of varying stringency (6 x SSC. 40 to 60 C for the 
hybridization: up to 0.2 x SSC, 65* C for the washing). Probes 1068 and 1024 (Rgure 2A) were selected for 
the screening of the genomic library, although no common DNA fragments could be identified that 
hybridized specifically with both probes. Acid-phosphatase probe 1025 (Figure 3) gave a specific and 
discrete hybridization signal and hence this probe was selected for screening the genomic library for the 

acid phosphatase gene. . ^t. u u m- ^t-^^ 

Using all three probes, hybridizing plaques could be identified in the genomic library. The hybndization 
signal corresponding to probe 1025 (acid phosphatase) was strong and reproducible. Hybridization signals 
of variable intensity were observed using probes 1024 and 1068 (phytase). No cross hybridization between 
the two series was observed. All three series of plaques were rescreened and DNA was isolated from eigh 
single, positive hybridizing plaques (Maniatis et al .. supra). In each series, clones that contained "dentical 
hybridizing fragments could be identified, indicating that the inserts of said clones are related and probably 
overtap the same genomic DNA region. Again, no cross-hybridization could be demonstrated using the two 
phytase specific series (probes 1024 and 1068). indicating that, although both probes used to isolate the 
two series of clones were obtained from the N-terminal amino acid sequence of the protein, different 
genomic DNA fragments had been identified and cloned. . ^ ^ 

All three series of clones were hybridized with Northern blots containing mRNA isolated from induced 
and nori-induced mycelium (Example 6). The acid phosphatase-specific clones, as well as the isolated 
internal 3 1 kb Sail fragment from these clones, hybridized exclusively to induced mRNA samples. The 
mRNA identified by the acid phosphatase-specific probes is about 1800 b in length, which agrees with the 
known size of the protein (68 kDa. Ullah and Cummins (1987) Prep. Blochem. 17 . 397-422). No 
hybridization of the phytase-specific clones with specific mRNA's could be demonstrated. We have thus 
concluded that the above-described method was unsuccessful in cloning the gene encoding phytase. It may 
be further concluded that this failure is not due to a failure in the method used, since the method has been 
successfully applied to identify the gene encoding acid phosphatase. The lambda clone containing the acid 
phosphatase gene was deposited on April 24. 1989 at the Centraal Bureau voor Schimmelcultures. Baarn, 
The Netherlands and has been assigned accession number CBS 214.89. A 10 kb Bam HI fragment has 
been isolated from phage Z1 and subcloned into pUC19. This subclone contains the entire gene encoding 
acid phosphatase. The subclone, pAF 1-1 (Figure 5) was deposited on April 24. 1989 as CBS 213.89. 



Example 5 



Isolation of the gene encoding phytase, using a second set of oligonucleotide probes 

Probes have been designed using the N-terminal amino acid sequence of CNBr-generated fragments 
(Rgure 2B. probes 1295. 1296 and 1297) and have been hybridized with genomic DNA as described above. 
The feasibility of using these probes in the isolation of the gene encoding phytase was again studied by 
Southern hybridization of genomic blots with the probes. This time, hybridizing fragments of corresponding 
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lengths could be identified, using all three probes, despite the fact that the probes have b«en derived from 
non overlaDlg regions. No hybridization was found between the new set of probes and the clones that 

Sersing the fir'st set of probes (Example 4) Therefore. ^e"-;^^^^^^^^^ 
..<;ina all three probes in separate experiments. A subset of the clones (lambda AF201. 219 24i ana 244j 

A lambda EMBL3-clone, wSch hybridizes to ail three probes (1295-1297). was named lambda AF201 
/Finure 4^ and was deoosiled on March 9. 1989 as CBS 155.89. ^ ^ rr- 

^^ A 5 1 kb Bam HlTagment of lambda AF201 (subcloned in pUC19 and designated pAF 2-3. see Rgu e 
4) hybrizTng^all three oligonucleotide probes, was used to probe a Northern blot. In th.s case, a d.scre.e 

,5 Ina ling a size of 1800 bases was identified. This mRNA was found -^J" ^J^^^,^^^^ 

results were obtained when the oligonucleotides were used as probes. Therefore, using the new set ot 
orobfs a corSmon DNA fragment has been identified, which hybridizes specifically t° 
The length of tWs rriRNA (1800 b) is suHicient to encode a protein of about 60 KDa. wh.ch .s about the s.ze 
If thfnt gCSd protein, i.early. the isolated fragments contain at least part of the gene encoding 

20 phytase. 
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Example 6 



Isolation of "induced" and "non-Induced" mRNA 



It is known from the literature that the synthesis of phytase by A. ficuum is subject to a stringent 
pho p ater^^^^^ Regulation (Han and Gallagher (1987) J. indust. Microbiol. 1. 295-301). Ther^^^^^^^^ he 
SeSsTatlon t^ an isolated gene is subject to a similar regulation can be cons.dered to support the 

.1 r A R^-nm NRRi 3135 was orown 85 follows. Spores were first grown overnight in non-inducing 
l"di' m -fhT Say the myceirum waTharvested. was'hed with sterile water and inoculated Into either 
C^dudng o7non!,^duc^;g medium The medium used contains (per liter): 20 g com starch: 7-5 g glucose; 

o MnQn °7 H,0- 0 2 a FeS0*'7 H2O: and 7.2 g KNO3. For the induction of phytase. up to 2 g/l com 
stLorglo?;as added fo'the m^^^^ non-inducing medium contains 2 g/1 K3HPO.. The mycelium 

wL o ow^for at leSt a furt^^ 100 hours. Samples were taken at selected intervals. Phytase production 
Z ?rwed by he phytase Lssay as described in Example 2A. Denatured mRNA was separated by 
rctroZesis and blStted onto Genescreen plus. The blots were hybridized •^,^/^^3^^, ^ 

with the isolated 3.1 kb Sal 1 fragment from pAF 1-1 (acid phosphatase) from Example 4. The results are 



PoSive hybridization of the phytase specific 5.1 kb Bam HI fragment and the acid phosphatase spec^.c 
3 1 kb Sal t fragment with isolated mRNA is observed onlT^hen cells are grown under condUions which are 
known ^ndShe synthesis of phytase and acid phosphatases. From these results it has been concluded 
that the isolated genes are regulated as expected for phytase and acid phosphatases. 
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Table 2 

Hybridization of Northern blots using the phytase- 
specific 5.1 kb BamH I fragment (A) or the acid phosphatase 
specific 3.1kb Sail fragment (B) as a probe; a + indicates 
the presence of the 1800 b phytase mRNA or the 1800 b acid 
phosphatase mRNA. The relative phytase activity was 
determined for the 24 hr. samples: induced cultures have 10 
times more phytase activity than non- induced cultures. 

Time after Induced Non- induced 

inoculation 



A 24 hours + 

B 24 hours + 



Example 7 



Evidence for the cloning of the phytase gene 

To obtain deflnitive proof for the successful isolation of the gene encoding phytase, and to study the 
feasibility of increasing the expression of .the cloned gene, the phytase gene was subcloned « « s"Uable 
vector and transformed to A. niger 402 (ATCC 9092). To this end, the phytase gene was .sola ed fron^ the 
lambda clone AF201 as a-^61^ Nru I fragment and cloned Into the Stu I site of the vector pAN 8-1 
(Mattem, I.E. and Punt. P.J. (1988-rFungal Genetics Newsletter 35 . 25) wh.ch contams the bte gene 
(conferring resistance to phteomycin) as a selection marker. The resulting "^"^ , "J^!^ J^f^ ^^^tl 
Rgure 4) and was transformed to A niger 402 according to the procedure as descr.bed .n Examp e 9. w,th 
the exception that the protoplasts weTTplated on Aspergillus minimal -"^^ium supplemen ed with 30 
phleomycin/ml and solidified with 0.75% agar. Single transformants were purified '^^'^ff^^^J^J^!,'^! 
tested for production in shake flasks, as described in Examples 1 and 2- As con rols transforn,ants 
possessing only the vector, as well as the untransformed host were also tested (Table 3). Only ^ ^J^/^^ 
containing pAF 28-1 appeared to produce a phytase that reacted with a =Pf' 

directed against A ficuum phytase. The phytase reacting with this monoclonal ant.body could be ^uted 
from an immune TffetTTolumn at pH 2.5 and was shown to be identical .n molecular weight, degree of 
glycosyiation. isoelectric point and specific activity to the A ficuum phytase. This finding P^^^'^^f^ = 
evidence that A. niger 402 cells transfomied with pAF 28-1 express a.phytase that .s virtually identical to 
the A ficuum phytiiiT Similar expression was not observed in either type of control cells. 
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Table 3 



Strain 


Phytase/Activily 
U/ml 


% of phytase-activity adsorbed 
onto the immunoaffinity colunnn 


A. nrger 402 


0.5 


0 


A. niger 402 pAF 28-1 


0.7 


10 


A. niger 402 pAN 8-1 


0.5 


0 



strains were grown 



under induced conditions (Example 6). Samples were tal<en after 96 hours of growth. 



Example 8 



Characterization of the phiytase gene. 

The lambda clones containing the phytase gene have been analyzed by digestion with various 
restriction enzymes. A map of the genomic region encompassing the phytase gene is given m Rgure 4. 
Defined restriction fragments have been subcloned in the cloning vector pUC19. as indicated in Figure 4. 

It has previously been shown (Example 5) that the 5.1 kb Bam HI '^^^^^I ^1^^^"; P^p^^^;^ 
encompasses at least part of the phytase gene. Moreover the oligonucleotide probes 1295 and ^297 (F.Qu^ 
28) were shown to hybridize to the Sal I insert from pAF 2-7 (positions of pAF 2 clones are presented ,n 
Figure 4). while probe 1296 probablyTpans the Sal I site between the fragments in pAF 2-6 and pAF 2-7_ 
The results of these experiments indicate that the-^ytase encoding sequence is located in the lefthand part 

of the Bam HI insert of pAF 2-3. „ „ ac o b r,AF 9 7 hbup 

SubiiEjuently the nucleotide sequences of the inserts of plasm.ds pAF 2-3. pAF 2-6. pAF 2-7 have 
been determined completely using the dideoxy chain termination method (Sanger et al • <;97> J' "if*^ 
Acad Sci USA 74 . 5463-5467) and Shotgun strategies described by IVIessing et al . (1981 Nucl. Acios 
Res. 9 . 309-32lTln addition specific oligonucleotides were synthesized based on nucleotide sequence 
information obtained during the sequencing procedure. 

The complete nucleotide sequence of clones pAF 2-3. pAF 2-6. and pAF 2-7 encompassmg the 
chromosomal phytase gene locus is compiled in Figure 6. a graphic representation is given m Figure 7. 

Tna!ysis of the protein coding capacity of the complete sequence revealed that ^'^^--f 
acid sequence of the mature protein was encoded starting from nucleotide position 381 (the ^-terrmnus 
disclosed by Ullah is located at position 369). Furthermore, the N-terminal amino acid sequence of the 36 
kDa and 2.5 kDa internal peptide fragments (see Figure 1B - sequences B and A) were '°^nd to be 
encoded at nucleotide positions 1101 and 1548. respectively. The open reading frame stops at nucleotide 

Thes^findings clearly prove the identity of the characterized chromosomal locus as containing phytase 

encoding DNA sequence. „ 

Directly upstream of the chromosomal sequence encoding the mature phytase protein, no ATG start 
codon can be found within the reading frame contiguous with the mature P™^^'"/P®" ^^^^'"^ 
however, using intmn-exon boundary characteristics, an intron can be postulated between nucleotide 
positions 254 and 355. bringing the ATG codon at nucleotide position 210 in frame wrth the -"ature phytase 
encoding open reading frame. The derived amino acid sequence of this N-terminal extension closely fits th 
rules for a secretion signal sequence as published by von Heyne (1983. Eur. Blochern. 133 . 17-21)^ 

To confirm these hypotheses the phytase cDNA was isolated by PCR-ampI.ticat.on with spec.f.c 
phytase primers and a total mRNA/cDNA population as template according to the procedures descnbed 
below. 



Isolation of poly A* RNA from Aspergillus ficuum. 

Total RNA was isolated from A. ficuum NRRL 3135 grown under induced conditions as mentioned in 
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Example 6 Dry mycelium was frozen with liquid nitrogen and ground. Subsequently, the powder was 
homogenized in an Ultra-Turrax (full speed during 1 minute) in 3M LiCI. 6M "/^^^^ « ^ and ma.ntamed 
ovemfght at as described by Auffrey & Rougeon (Eur.J.Biochem.. 107 . 303-314,1980). Total cellular 
RNA was obtained after centrifugatlon at at 16.000 g for 30 minutes and two successive extract.ons with 
phenol: chloroform: Isoamylalcohol (50:48:2). The RNA was precipitated with ethanol and dissolved m 1 ml 
10 mM Tris-HCI (pH 7.4). 0.5% SDS. For poly A* selection the total RNA sample was heated for 5 minutes 
at 60 • C adjusted to 0.5 M NaCI and subsequently applied to an oligo(dT)-cellulose column. After several 
washes with a solution containing 10 mM Tris-HCI pH 7.4, 0.5% SDS and 0.1 Ivl NaCl. the poly A RNA 
was collected by elution with 10 mlVI Tris-HCI pH 7.4 and 0.5% SDS. 

Preparation of the mRNA/cDNA complex 

For the synthesis of the first cDNA strand 5 ixg of poly A* RNA was dissolved in 16.5 ul HjO and the 
following components were added: 2.5 ul RNasin (30 U/ul); 10 ul of a buffer containing 50 vnM Tns-HCI pH 
7 6 6 mM MgCl2 and 40 mM KCI: 2 ul 1 M KCI; 5 ul 0.1 M DTT: 0.5 ul ollgo (dT),2-,8 (2.5 mg/ml): 5 m 8 
mM dNTP-mIx: 5 Ul BSA (1 mg/ml) and 2.5 ul Moloney MLV reverse transcriptase (200 U/ml). The mixture 
was incubated for 30 minutes at 37 ' 0 and the reaction was stopped by addition of 10 ul 0-2 M Edta and 
50 ul H2O An extraction was performed with chloroform and after centrifu gation 110 ul 5 M NH*Ac ana 
440 ul ethanol were successively added to the supernatant. Prec.pitation of the mRNA/cDNA complex was 
performed in a dry ice/ethanol solution for 30 minutes. The mRNA/cDNA was collected by centnfugation. 
subsequently washed with 70% ice-cold ethanol and dissolved in 20 ul H20. 



Cloning of phytase cDNA fragments 

Isolation of the cDNA-encoding phytase sequences were performed by the polymerase chain reaction 
(PCR) in two fragments. Four synthetic oligonucleotide primers were designed based on the genomic 

phytase sequence as presented in Figure 6. , 
Oltgo 1: 5'-GGG.TAG.AAT.TCA.AAA.ATG.QGC.GTC.TCT.GCT.GTT.CTA-3 
Oligo 2: 5'-AGT.GAC.GAA.TTC.QTG.CTG.GTG.GAG.ATG.GTG.TCG-3 

Oligo 3: 5'-GAG.CAC.CAA.GCT.GAA.GGA.TCC-3' 

Ollgo 4: 5'-AAA.CTG.CAG.GCG.TTG.AGT.GTG.ATT.GTT.TAA.AGG.G-3 
Oligo 1 contains the nucleotide sequence downstream of the phytase ATG startcodon (position 210 0 
231) flanked at the 5' border by an Eco Rl-site; ollgo 2 contains the nucleotide sequence immediately 
upstream of the Sal l-site (position 112915 1109) also flanked by an additional Eco Rl-site: oligo 3 contains 
the nucleotide silence around the Bam Hl-slte (position 845 to 865) and oligo 4 contains a nudeotide 
sequence positioned downstream of thTphytase stopcodon (position 1890 to 1867) flanked by an additional 
Pst I'Sito 

— The polymerase chain reactions were performed according to the supplier of Taq-polymerase (Cetus). 
As template the solution (1.5 ul) containing the mRNA/cDNA hybrids (described above) was used and as 
primers 0.3 ug of each of the oligos 1 and 2 in the reaction to amplify the N-terminal phytase cDNA part 
and oligos 3 and 4 in the reaction to amplify the C-terminal phytase cDNA part (see Figure 8). After 
denaturatlon (7 minutes at 100* C) and addition of 2 U, Taq-polymerase the reaction mixtures were 
subjected to 25 amplification cycles (each: 2 at 55' C. 3 at 72 C. 1 at 94 0) in DNA-ampl.f^r of 
Perkin-Elmer/Cetus. In the last cycle the denaturation step was omitted. After digestion (Eco Rl for the n- 
terminal cDNA part and Bam HI and Pst I for the C-lenninal cDNA part), both cDNA fragments were cloned 

into the appropiate sites of pTZ18R (Promega). . ^ . ^ m^^^ . ^h^ir. 

The nucleotide sequence of both obtained PCR fragments was detemnined using the dideoxy chain 
termination technique (Sanger, supra) using synthetic oligonucleotides designed after the chromosomal 
Dhytase gene sequence, as primers and total amplified DNA as well as cloned cDNA fragments as 
Template. The sequence of the cDNA region encoding the phytase protein and the derived ammo acid 
sequence of the phytase protein are depicted in Rgure 8. ^ ^ . .u 

The cDNA sequence confirmed the location of the intron postulated above, and Indicated that no other 
introns were present within the chromosomal gen© sequence. 

The phytase gene encodes a primary translation product of 467 amino acids (MW 51091): processing 
of the primary translation product by cleaving off the signal peptide results in a matur phytase Protein o 
444 (MW 48851) or 448 (containing the first four N-terminal amino acids as published by Ullah. MW 49232) 
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amino acids. 



Example 9 



Overexpression of phytase in Aspergilli by introduction of additional phytase genomic DNA copies 



Construction expression vector pAF 2-25 

All constructs were made using standard molecular biological procedures, as described by Maniatis et 
ai (1982) Molecular cloning, A laboratory f^anual. Cold Spring Harbor Laboratory, N.Y.. 
- in expres "n vector p?F 2-2S was made by subdoning the 6 kb Pvu II DNA fragment of the p.y.a e 
genomic clone lambda AF201, into the Sma l-site of pUC19. The derived P'^f-'^.^^^ f JnHX^^ 
(Figure 4). As selection marker for the transformation to Aspergillus, the Eco R/Kpn ' f^N^^^^J^^^^^^^^ 
plasmid PGW325 (Wernars K. (1986), Thesis. Agriculture ^"'^^-'^y; ^^^nT .^60 
containing the homologous Aspergillus nidulans amd S gene, was inserted '"^o the Eco Rl/Kpn I s.tes 
pAF J-2 The resulting expr ession vecto rl^iFdisignated pAF 2-2S and is shown in Figure 9. 



A. Overexpression of phytase in A. ficuum NRRL 3135- 

The plasmid pAF 2-2S was introduced in A, ficuum NRRL 3135 using ^^^"f °^"lf ^^'^f 
described by Tilbum. J. et.al.(1983) Gene 26 , 205-221 and Kelly, J. & Hynes, M. (1985) EMBO J.. 4 . 
479 with the following modifications: o- i, o!«„h«e Arts 11 3 51- 

- mycelium was grown on Aspergillus minimal medium (Cove. D. (1966) B'°<J«';^^^'°P*^y!•J^^'^• 

seT supplemented with 10 mt^ arginin e and 10 mM proline for 16 hours at 30 C in a rotary shaker at 300 

-''only Novozym 234 (NOVO Industri). and no helicase. was used for formation of P^otoP'^^t Mri oh 7 5 

- after 90 m^utes of protoplast fomiation. 1 volume of STC buffer M sorbrto . J^-"^ ^^^^ 
an mM r^cu\ was added to the protoplast suspension and centrifuged at 2500 g at 4 C for 10 minu es in 
f s:^iing-bu«?.^^^ Prists were wTshed and resuspended In STC-buffer at a concentration of 

- plasm'rDNA was added in a volume of 10 ul in TE buffer (10 mM Tris-HCI pH 7.5. 0.1 mM EDTA) to 100 

i^aft^Sa^^^^^^^^^^^^ suspension at O'C for 25 minutes. 200 u. of PEG solution was 

added drXise (25% PEG 4000 (Merck). 10 mM Tris-HCI pH 7.5. 50 mM CaCl^). Subsequently, 1 m of 
PEG soS 6^% PEG 4000 in \o mM Tris-HC. pH 7.5. 50 mM CaC.) was ^^^-^.^^'-'V; ^'^^V^^^^^^^^^^^^ 
mixing of the tubes. After incubation at room temperature, the suspensions were diluted with STC buffer 
mixed by nversion and centrifuged at 2000 g at 4*0 for 10 minutes. Pf °P'^J^=J/J,^ 
gently in 200 ul STC-buffer and plated on Aspergillus minimal medium with 10 mM ^cetam^e as the so e 
nrtrogen source. 15 mM CsCI. 1 M sucrose, solidified with 0.75% bacteriological agar #1 (Oxoid). Growth 

"%Ce"r^nJo?manti°de;^^^^ SP7 and SP8 were isolated, purified and tested for phytase 

productn in shtke fisks. using the process as described in Examples 1 and 2. -^^J^j^-^'^'"^"^^ 
possessing only the vector (amdS gene in pUC19). as well as the untransfomned host were tested. 

sua Js were qrown under Induced conditions (see Example 6) and samples were taken after 98 hours 
Of gro^h AXeTrere P^^^^^^^ by measuring the phytase activity (Table 4) and by isoelectric focusing 
polyacrylamide gelelectrophoresis (lEF-PAQE). fi~,„m oAF 2-2S SP7 

Sarnples of equal volume were taken from fermentations of A. ficuum and A. P^^^5/„° 
arown under idenScal conditions, and were applied onto an lEF-PAGE gel (pH-range 4.5-6 Phast-System. 
Emacia, VSrelectrophoresis was performed according to the Instructions « --^.^^^^^^^^^ 
quently. the gels were either stained with the general protein stain Coomassie Bri .ant Blue (Figure 10B), or 
with the General phosphatase activity staining described in Example 2 (Figure 10A). 

A samprorl ficuum phytase. purified to homogeneity (via immunoaffinity chromatography as 
described in Exam^e also applied either alone, or mixed with a culture supernatant. 
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Phytase is present in the various samples in a number of isoforms (indicated w.th an astensk). as has 
been rientioned in this Invention. The two major isoenzymes are clearly visible in the pur. .ed phytase In 
lanes 3 and 4 with both staining procedures (A and B). The phytase bands are barely vs.ble .n the parent 
A ficuum strain, and significantly increased in the pAF 2-2S SP7 transformant strain. 



Table 4 



Increase of phytase production by 


transformation of A. ficuunn NRRL 3135. 


Strain 


Phytase 




activity (U/ml) 


A. ficuum 


0.6 


A. ficuum + control plasmid 


0.6 


A. ficuum pAF 2-2S SP8 


7.6 


A. ficuum pAF 2-2S SP7 


6.7 


A. ficuum pAF 2-2S SP4 


4.3 



B. Overexpression of phytase in A.niger CBS 513.88. 

The expression vector pAF 2-2S was also introduced in A. niger CBS 513.88 by transformation 
procedures as described for A. ficuum . Single transformants were isolated, purified and tested for phytase 
production In shake flasks under induced growth conditions as described in Example ^- 

Phytase expression levels of some transformants (designated as A. niger pAF 2-2S # 8. # 20 and # JcS) 
and control strains were performed as described in Example 9A and are shown In Table 5. 

A. niger transformants have phytase expression levels comparable with A. ficuum transformants. In 
additton'TC result indicates that the A. ficuum phytase promoter is active in A. niger . 

Further analysis was performed SS^UiuFe medium of transformant PAF 2-28 #8 by electrophoresis on 
an lEF-PAGE gel in the pH range of 4.5-6 on a Phast-System (Pharmacia) as described above. Equal 
volumes of the culture supematants of the A. niger parent strain and of the transfonnant PfF 2-2S #8 
grown under identical conditions, were applied-oSt5The gel. The gels were run and subsequently stained as 

^""The parent A. niger produces a very low amount of phytase. which could not be detected by gel 
electrophoresis. The-itTain PAF 2-2S #8 produces approx. 90 times more phytase. and this difference is 

""^^SeverllTsofo^s of lile phytase enzyme are detected (indicated by asterisk). The general protein stain 
indicates that the intensity of the phytase protein bands is dramatically increased, while no other major 
protein bands appear. 

Table 5 



Phytase production by transformation of 


A. niger CBS 513.88 with pAF 2-2S. 


Strain 


Phytase 




activity (U/ml) 


A, niger 


0.2 


aT niger + control plasmid 


0.2 


A. niger pAF 2-2S # 8 


14 


A. niger pAF 2-2S # 33 


5 


a: niger pAF 2-2S # 20 


4 
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Example 10 



Phytase expression in A. niger transformed expression vectors containing the A, ficuum phytase gene 
fuidtotheprom^and^^ 

Constructions of the expression vectors. 

TO obtain overexpression of phytase in A. niger . additional expression cassettes are derived in which 
the A ficuum phytase gene is under control ^f thFA. niger amyloglucosldase (AG) promoter ,n comb matK)n 
w^^iSsignal sequences. In p18FYT3 and p24FYT3 the respective 18 and ^4 am.no acKJ aa)leade. 
reauences of the AG gene from A. niger are fused to the phytase gene fragment encoding the mature 
IroZ Tn the expressL cassette-pm3 the AG promoter sequence Is fused to the phytase encoding 
sequence including the phytase leader sequence. 

Construction of p18FYT3 

Fusion of the AG-promoter and tije 18 aa AG-leader sequence to the phytase sequence encoding the 
mature protein were performed by the Polymerase Chain Reaction method. In the P^R reac^ons W.o 
different templates were used: pAF 2-2S containing the entire phytase gene as 

1 a plasmid which contains the entire AG-locus from A. niger , which was isolated fronn a A. n>ger plasm.d 
library containing 13-15 Kb Hin dill fragments in pUCiaFor the isolation, AG-spec.f.c ol.gos were used. 
AG-1 : 5'.GACAATGGCTACACCAGCACCGCAACGGACATTGTTTGGCCC-3 

AG-2: 5'-AAGCAGCCATTGGCCGAAQCCGAT-3' »„o^^ rrK.nn i mPT 1102- 

both based on the nucleotide sequence published for A. niger (Boel et al . (1984). EMBO J. 3 . ■'097-1102^ 
Boel et al (1984) Mot. and Cell. Biol. 4 . 2306-2315rThe oligonucleotide probes were denved from the 
seq eTcFsutlouniing intron 2: o.lgo AGO is located 3' of the intron and has a P^'f^^ 
mRNA and oligo AG-2 is found upstream of intron 2 and is chosen antiparallel to the AG mRNA. Plasm.d 
pABB-l contains the AG gene on a 14.5 kb Hin dill fragment (see Figure 12). 

As primers for the PCR-amplifications four synthetic oligonucleotides were designed with the following 

sequence: 

Oligo l: 5'-CTCTGCAGaaan:£AAGCTAG-3' (an AG-specific 

sequence around the E£S2RI site approx. 250 bp 

upstream the ATG initiation codon) . 
Oligo 18-2 : 5 • -CGAGGCGGGGACTGCCAGTGCCAACCCTGTGCAGAC-3 ' 

mature phytase <-•-> 18 AA AG-leader 
Oligo 18-3 : 5 » -GTCTGCACAGGGTTGGCACTGGCAGTCCCCGCCTCG-3 ' 

18 aa AG-leader <— >-> mature phytase 
Oligo 4: 5 • -GGCACGASGAIS£TTCAGCTT-3 • (a phytase specific 

sequence located at the fiamHI site on position 

861) 

The PGR "was performed as described by SaikI et al . (1988). Science 239 . 487-491, with minor 

''''T::::Tlt:::^n!is to the phytase codmg sequences two separate PCR's were earned;". ^ 
first reaction with pAB6-1 as template and ollgos 1 and 18-2 as primers to amplify a 300 bpDNA fragment 
contSg L?-pa^^^^^ the AG promoter and the 18 aa AG-leader sequence flanked at the 3 "border by the 
nuc eotides of the phytase gene, and the second reaction with pAF 2-2S as template and o igos 18-3 and 4 
as primers to amplify a 600 bp DNA fragment containing the 5 part of the phytase gene flanked at the 5 - 
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border by 18 nucleotides of the AG signal peptide. A schematic view of these amplifications is presented in 

^*^^ThJ^two DNA fragments generated were purified by gelelectrophoresis and ethane! precipitation and 
used as templates in the third PGR with oligos 1 and 4 as primers to generate the AG-phytase fusion. The 

5 obtained DNA fragment was digested with Eco R1 and Bam HI and subcloned into pTZ18R. The resulted 
fusion was sequenced and designated pi BPm. aoo •♦t. 

The remaining (3.5 kb) upstream region of the AG-promoter was obtained by digestion of pAB6-i with 
Kpn 1 and partially with Eco R1 and ligated to the 1.1 Kb Eco Rl/Bam HI fragment of p18FYT1 and 
iUbsequentiy cloned into thTKpn 1/Bam HI sites of pTZIBR. Plasmid p18FYT2 thus obtained is shown in 

10 Figure 15. 

An additional Hin dill restriction site was introduced by insertion of the synthetic fragment: 



15 



20 



25 



30 



35 



40 



45 



50 



55 



5 » AATTCAAGCTTG 3 ' 

3 • GTTCGAACTTAA 5 ■ 

into the Eco Rl-site (flanking the amd S-gene) of pAF 2-2S. The obtained plasmid was designated pAF 2^ 
2SH (RgTIfi" 14) and is used as stirtTng plasmid to exchange the phytase promoter sequences by the PGR 
AG-phytase fusion DNA fragments. 

For the final construction. p18FYT2 and pAF 2-2SH were digested with Kpn I and partially with Bam Hi. 
The 4.6 kb DNA fragment of p18FYT2 and the 11 kb DNA fragment of PAF 2-2SH were isolated and 
purified by gel electrophoresis, subsequently ligated and transferred to E. coli . The derived expression 
cassette was designated p18FYT3 (Figure 15). 

Construction of p24FYT3 

Fusion of the AG-promoter and the 24 aa AG leader sequence to the mature phytase encoding 
sequence was performed by PGR-amplification as described above for the construction for p18FyT3 with 
the exception of the primers used. Two new primers were synthesized with the following sequence: 

Oligo 24-2 t 5 « «CGAGCCGGGGACTGCCAGGCGCTTGGAAATCACATT-3 " 

mature phytase <-^> 24 AA AG-leader 

Oligo 24-3 t 5 « ^AATGTGATTTCCAAGCGCCTGGCAGTCCCCGCCTCG-3 « 

24 aa AG-=leader <— ^> mature phytase 

Two separate PCR's were carried out: the first reaction with pAB 6-1 as template and oligos 1 and 24-2 as 
primers to amplify a 318 bp DNA fragment containing the 3'-part of the AG promoter and the 24 aa AG 
leader sequence flanked at the 3'-border by 18 nucleotides of the phytase gene and the second reaction 
with pAF 2-2S as template and oligos 24-3 and 4 as primers to amplify a DNA fragment containing the 5 ■ 
part of the phytase gene flanked at the s'-border by 18 nucleotides of the 24 aa AG leader. A schematic 
view of these amplifications is presented in Figure 13. 

For the construction of the final expression cassette p24FYT3 via the intermediate plasmids p24FYT1 
and P24FYT2. the same cloning pathway/procedure was used as described for p18FYT1 and p18FYT2 to 
derive the expression cassette p18F>T3 (Rgure 15). 

Constaiction of pFYT3 

Fusion of the AG-promoter to the phytase gene (including the phytase leader) sequence was also 
perfonned by PCR-amplification as described above for the construction of p18FYT3 with the exception of 
the primers used. Two additional primers were generated with the following sequence: 
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Oligo fyt.2: 5-AACAGCAGAGACGCCCATTGCTGAGGTGTAATGATG.3 

phytase leader <-^> AG-pron.oter 
Oligo fyt-3: 5.-CATCATTACACCTCAGCAATGGGCGTCTCTGCTGTT-3. 
^ AG-promoter <-^> phytase leader 

Two separate PCR's were carried out: the first reaction with^pAB 6-1 as template and oligos 1 and fyt-2 
as primers to amplify a 282 bp DNA fragment containing the 3 -part of the AG P^^^'j''^^^^^^^ 
border by 18 nucleotides of the phytase leader and the second reaction w.th,pAF 2.2S as temP'ats^"° 
oligos fyt.3 and 4 as primers to amplify a DNA-fragment containing the 5 -part of the phytase gene 
(induding the phytase leader) and flanked at the s'-border by 18 nucleofdes of the AG-promoter. A 
schematic view of these amplificatiofls is presented in Figure 13. ^. . , nPVTi «nri 

For the construction of the final expression cassette pFYT3 along the .ntemied.ate Pl^sm-ds pFYTI and 
PFYT2. the same cloning pathway/procedure was used as described for p18FYT1 and p18FYT2 to denve 
the expression cassette p18FYT3 (Figure 15). 



Expression of the phytase gene under the control of the AG promoter in A. niger 

E coii sequences were removed from the phytase expression cassettes described above by Hi" dlH 
digeitioTTAfterwards. the A. niger strain CBS 513.88 (deposited October 10. l98S) vvas transformed w.th 10 
ug DNA fragment by proTedU?i-s as described in Example 9. Single A. !:i9£I.f '^^"^^^To' 
expression cassette were isolated, and spores were streaked on selective ^^^^amjde-agar plate^^ 
each transformant were collected from cells grown for 3 days at 37 C on 0.4% POt^^^"^^"^^^^^^^^^ 
England) agar plates. Phytase production was tested in shake flasks under the following growth cond't-ons. 

App oSmately 1 x 10^ spores were inoculated in 100 ml pre-culture medium contam.ng (per I.ter): 1 g 
KH^Po 'sTg maltose: 5 g yeast-extract; 10 g casein-hydrolysate; 0.5 g MgSO.'TH.O and 3 g Tween 80. 

The pH was adjusted to 5.5. ... . « .i«f«^ in a inn 

After growing overnight at 34 * C in a rotary shaker. 1 ml of the growing culture was inoculated n a 100 
ml main-culture contamrng (per liter): 2 g KH.PO.: 70 g maltodextrin (Maldex ^D03. Amylum . 12^ g 
yeast-extract; 25 g casein-hydrolysate: 2 g K^SO.; 0.5 g MgSO.o7H^O: 0.03 g ZnCb: 0.02 g CaCb. 0.05 g 
MnSOtM HaO and FeSO*. The pH was adjusted to 5.6. h=o^,ik*.h in 

The mycelium was grown for at least 140 hours. Phytase production was measured d^^^^^e^ in 
Example 2. The production results of several, random transformants obtained from each expression 
cassette are shown in Table 6. 
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Table 6 



Phytase production of several A- nigeg CBS 513.88 strains 
transformed with plasmids containing the A. ficuum phytase 

gene under control of the niaer AG-promoter in 

combination with different leader sequences. 

Expression cassette Transformant # activi?rt5/ml) 

piaFYT3 # 240 82 

P18FYT3 P18FYT3 # 242 84 

(AG-promoter/ pl8FYT3 #243 62 

18 aa AG-leader) pl8FYT3 #244 4 3 

P18FYT3 # 245 80 

P18FYT3 # 246 82 

P18FYT3 # 250 HO 

P24FYT3 #2 56 8 

P24FYT3 P24FYT3 # 257 30 

(AG-promoter/ p24FYT3 #258 13 

2 4 aa AG-leader) p24FYT3 #2 59 3 3 

P24FYT3 #2 60 17 

P24FYT3 # 261 28 

P24FYT3 # 262 18 

P24FYT3 # 265 12 

pFYT3 # 205 50 

PFYT3 pFYT3 # 282 280 

(AG-promoter/ pFYT3 # 299 96 

phytase leader) pFYT3 # 302 220 

pFYT3 # 303 175 

pFYT3 #304 150 

pFYT3 # 305 150 

pFYT3 #312 140 

The data clearly show high phytase expression levels in A. niger transformants containing the phytase 
gene under the control of the A. niger AG promoter. The data also show that the highest phytase proouction 
is obtained with the pFYT3"ix-^sion vector, which contains the phytase leader sequence. Similar 
expression vectors containing an intronless phytase gene atter transformation to A. niger . resulted in 
Dhytase expression levels comparable to pFYTS transformants of A. niger . 

In addition, electrophoresis on an lEF-PAGE gel in the pH-range of 4.5-6 was performed on culture 
supematants of transformants pFYT3 #205 and #282. Equal volumes of the culture supematants of the A. 
niqer parent strain and of both transformants. grown under identical conditions, were applied onto the gel 
Fi^d subsequently stained as described in Example 9. The parent A. niger produces a very low amount 
of phytase. which is not detected in this experiment. The strains pFYT3 #205 and #282 produce approx. 
250 and 1400 times more phytase (compare phytase levels in Tables 4 and 5). and this difference 's clearly 
visible in Rgure 11. Several Isoforms of the phytase enzyme are detected (indicated by an asterisk). The 
general protein stain indicates that the Intensity of the phytase protein bands is dramatically increased, 
while no other major protein bands appear. 
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Overexpression of phy.tase in A. ficuum and A. niger grown on an industrial scale 



A. A. ficuum 

^ Strain A. ficuum pAF 2-25 #4 and A. ficuum NRRL 3135 were grown as described in Example 1. 

transformanTplxdUced approximately 50 times more phytase as compared to the wild-type strain. 

Table 7 

TO . 



Overexoression of ohvtase by a transformant of A. ficuum 


containing multiple phytase genes. Cells were grown as 




described in Example 1 . 


Hours after 


Phytase activity A. 


(U/ml Fermentation broth) 


inoculation 


ficuum NRRL 3135 


A. ficuum pAF 2-2S #4 


0 


0 


0 


24 


0 


0 


92 


2 


142 


141 


5 


270 



25 



B. A. niger 



Strain A niger pAF 2-2S #8. a transformant of A. niger strain CBS 513.88 and the parent A. niger strain 
itself were"^r5iSFras described in Example 1. The transformant produced approximately 1000 times more 
30 phytase as compared to the original A. niger parent strain (Table 8). 



Table 8 



Overexpression of phytase by a transformant of A. niger 


(CBS 513.88) containing multiple phytase genes. Cells 


were grown as described in Example 1. 


Hours after 


Phytase activity A. 


(U/ml fermentation broth 


inoculation 


niger CBS 513.88 


A. niger pAF 2.2 #8 


0 


0 


0 


24 


0 


5 


92 


0.1 


65 


141 


0.1 


95 



Example 12 

50 



To contrucfthe vector pREPFYT3, with which simultaneously phytase expression and AG gene 
replacement is achieved. pFYTS is digested with Kpn I. With the obtained linear Kpn I DNA fragment two 
separate ligations are performed. 
55 Ligation 1 with the Kpn l-Hin dill adaptor: 
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5 ' - CGGGGA -3 ' 

3 • -CATGGCCCCTTCGA-5 * 
Kpn l Hindi II 

Ligation 2 with the Kpn l-Hin dlll- adaptor, in which the Hin dill restriction site will not restore after 
ligation: 

5 » - CGGGGG -3 ' 
3 • - CTAGG CCCCCTCGA-5 ' 
Kpn l Hindi II* 

Subsequently, ligation 1 is partially digested with Hin dill. After removal of the amd S confining 
fragment by gel electrophoresis, the remaining DNA fragment Is recircularized by ligation and transferred to 
E. coli . The obtained plasmid is denoted pFYT3AamdS (see Figure 16). , . • ■ 

- -LTgation 2 is also digested with Hin dill and the 4 kb DNA Hn dlll/Hin dill' fragment. ^°«9 
S gene, is isolated by gel elect?3-phoresis, subsequently ligated to a partially f °' 

pPrrSAAamdS and transferred to . The plasmid containing the amd S gene at the 3 end of the 

phytase gene is denoted pFYT3INT (see Figure 17). , . . .u o' A^^ui^,, 

To introduce the approx. 6 kb Sal l/Hin dill DNA fragment of pAB6-1. contammg the 3 -flankmg AG 
sequence. pFYT3INT is partially digested with Hin dill, ligated first to the adaptor: 

5 ' -AGCTAGGGGG - 3 ' 
3 > T CCCCCAGCT-5 ' 

Hindlll* Sail 

(in which the Hin dill' restriction site will not restore after ligation) and subsequently ^jJ^J ^« JL^ '^1^ 
fragment of pATS-l. After transformation to E. coli . the desired plasmid pREPFYT3. containing the 3 AG 
flanking sequence at the correct position, is obtained (Figure 18). 

Expression of phytase in A. niger by AG gene replacement. 

Before transfom^atlon of A. niger with pREPFYT3. the E. coli sequences In the plasmid are removed by 
Hin dill digestion and geleleSfroWresis. The A. niger strain CBS 513.88 is transformed v^f J0^9 ^^^J^ 
fFTgment by procedures as described in Exam^e 9:Selection and growth of transforman s P«^°^^^^^^^^^ 
described in Example 9. Only a minority of the selected transformants lose AG activity (approx. 20 A, . 
Sern anal^^s of chromosal DNA is performed on AG negative and phytase positive transformants to 
verify that the AG gene is indeed replaced by the phytase gene. 

Example 13 



Conservation of the phytase gene in different species. 

To determine whether the phytase gene is highly conserved vvit^'i" 7'^^°^'?' 'P^r',,i°'iDNA 
analyses of chromosomal DNA from ten different species were performed with the A. fjcuum phytase cDNA 

These-chromosomal DNA analyses were performed on species from filamentous fungi. Yeasts and 
bacteria As an example, only a limited number from each group were chosen: for filamentous fungi. 
PeScnnum chr^sogenum and Aspergillus niger ; for yeast. Saccharomyces cerevisiae and Kluyverornyces 
^S^nd^nnrfe-^ocary otic organi sTi^the Gram-positive species. Bacillus subMlis Clostndum 
U^ocellum . and Streptomyces lividans and as an example for a gram-negative bacterium Pseudomonas 

^^'"Higrm olecular weight chromosomal DNA from these species was digested with Pvu II and Bam HI 
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seoaratelv and subsequently electrophorized on a 0.7% agarose gel. . . 

Tr transfer to nitrocJlu.ose filters, the hybridization was performed ^^^^ht at str.ngen^^^^^ 
SSC; 50' C) with a ^^P-labeled 5 -phytase cDNA fragment (described in Example 8). Blots were washed in b 
V <?«5C; at room temperature and exposed to X-ray for 18 hours. 

AS shorirng^ 19 a and b. descrete bands are observed in almost every lane, pred.ctmg a h.gh 
degree of homology of the phytase gene between microbial species. 



Claims 

1 A purified and Isolated DNA sequence eKarscterized In that said DNA sequence encodes a peptide or 
rC^reSln'SStel'S sequence acceding to Cain, .u*er characterized in that said sequence 
rAl~d:sSr™equ,nce according to Cm ,. further characterized in that said sequence 
? AC«iedrd3ldT,:rsequenc. .=«.rding to Oiain, ,. further characterized in that said sequence 
™,:r.^.SSmrZ:^. ^ characterized in that said sequence 

is deri ed from an Aspergillus ficuum or an Aspergillus niger source. . . . .„ =Bn..ance 

6. A purified and i solated DNA -^ence according to Claim 1. further character.zed .n that sa.d sequence 
encodes a phytase which exhibits the following charactistics: K««f 

a) provides a single band at 85 kDa on SDS-PAGE when expressed m an AspergHlus host^ 

b) has an apparent molecular weight after deglycosylation in the range of about 46 - 56.5 kDa. 

. T^:^T^S.T^:ZX^. in that said sequence exhibits at least one of the 

ridte~^^^^ probe derived from the DN A sequence as disdos^^^^^^^^ 

b hybridizes to an oligonucleotide probe derived from the cDNA sequence as d.sclosed m Rgum 8 
8. An expression construct characterized in that a DNA sequence ^^^^^'^S/"/ ^^^^^^^^^ 
operably linked to a regulatory region capable of directing the expression of a protem or peptide having 

T'^'^Z'SZ^^:^:::::^" cnaractedzed in that the regulatory region also conta.s a 

icre'oryTeadersequence providing for the secretion of the expressed protein or pept,de having phytase 

?0."Se expression constnict of Claim 9 characterized in that the AG promoter is used to direct the 
exoression of the protein or peptide having phytase activity. u • x^^A^r 

tr?hrexpression construct of Claim 10 further characterized in that a homologous phytase leader 

Iquence ifused to prov de for the secretion of the expressed protein or peptide having phytase activity. 
1? The expression construct of Claim 10 further characterized in that the 18 ammo acid AG leader 

equenceTs used to provide for the secretion of the expressed protein or peptide having phytase activi^ , 
1? The Expression construct of Claim 10 further characterized in that the 24 ammo acid AG leader 
sequence is S to prov de for the secretion of the expressed protein or peptide having phytase activity^ 
14 The expression construct of Claim 9 characterized in that a homologous phytase promoter is used to 
direct the expression of the protein or peptide having phytase activity. 

l^ -^e expression construct of Claim 14 further characterized in that a homologous phytase leader 
lequrnce is used to provide for the secretion of the expressed protein or peptide having phytase activ.^. 
1? ^hTexpreSion construct of Claim 14 further characterized in that the 18 ammo acd AG leader 
lequlnce is used to provide for the secretion of the expressed protein or peptide having phytase activity. 
17 The expression construct of Claim 14 further characterized in that the 24 amino acd AG leader 
slaulnce IS used to provide for the secretion of the expressed protein or peptide having phytase activity. 
TB r^^^!^fiS>Xe oi transfomiing a host cell characterized in that said vector contains an expression 
construct according to any one of Claims 8 to 17. » , „ „i,»,T,iH 

19 A vector according to Claim 18. further characterized in that said vector Is a plasmid 

20 A vector according to Claim 18. further characterized in that said vector is ^f^^''^ ^^Z^l 
gJoup consisting of pAF 28-1. pAF 2-23. pAF 2-2, pAF 2-3. pAF 2-4. pAF 2-6. pAF 2-7. p18FYT3. p24FYT3 

21^^^sformed host cell characterized in that said host cell is transformed with a v ctor according to any 
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one Of Claims 18 to 20. . . . . 

22. A transformed host cell according to Claim 21. which is selected from the group consisting of bactena, 

/easts and fungi. • .. , 

23. A transformed host cell according to Claim 22. which is selected from the group consisting of 
5 Aspergillus , Trichoderma . Penicillium , Mucor . Bacillus . Kluyveromyces and Saccharomyces . 

24~Al?iBsformed host ciiriS5^ng~to^laim 22. which is selected from the group consisting of 
Aspergillus niger , Aspergillus ficuum , Aspergillus awamori . Aspergillus oryzae . Trichoderma reese. , 
MSEoTF^hiTTKIuyveromyces liEtiT . Saccharomyces cerevisiae , Bacillus subtilis and Bacillus hchenifor- 

10 ?r A process for the production of a peptide or protein having phytase activity, characterized in that a 
transformed host cell according to any one of Claims 21 to 24 is cultured under conditions conducive to the 
production of said peptide or protein having phytase activity. 

26. A peptide or protein having phytase activity, characterized in that said peptide or protein having phytase 
activity is produced by a process according to Claim 25. 
75 27. A phytase characterized in that the phytase exhibits the following charactistics: 

a) provides a single band at 85 kDa on SDS-PAGE when expressed in an Aspergillus host; 

b) has an apparent molecular weight after deglycosylation in the range of about 48 - 56.5 kDa; 

c) has a specific activity of about 100 U/mg protein. 

28. A feed for animals characterized in that said feed contains a peptide or protein having phytase activity 
20 according to either of Claims 26 and 27. 

29. Use of a peptide or protein having phytase activity according to either of Claims 26 and 27 for the 
conversion of phytate to inositol and inorganic phosphate. 

30. A process for promoting the growth of animals characterized in that an animal is fed a diet which is 
comprised of a feedstuff supplemented with a phytase according to either of claims 26 and 27. 

25 31 . A process for the reduction of levels of phytate in animal manure characterized in that an animal is fed a 
diet which is comprised of a feedstuff supplemented with a phytase according to either of claims 26 and 27 
in an amount effective in converting phytate contained In the feedstuff to inositol and inorganic phosphate. 
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N-TERMINAL AMINOACID SEQUENCES 

A B C 



1 1 

12 
13 
14 



23 
24 



27 



LEU 
ALA 
VAL 
PRO 

ALA ALA 
SER SER 

ARG 

ASN 



POSITION 
01 
02 
03 
04 
06 
06 
07 

08 ** 

09 GLN GLN GLN 

10 SER SER SER 
SER SER SER 

. GLY 

ASP ASP ASP 

THR THR THR 

is VAL VAL VAL 

16 ASP ASP ASP 

17 GLN GLN 

18 GLY 

19 TYR 

20 GLN 

21 ARG 

22 PHE 



SER 
GLU 



25 THR 

26 SER 



HIS 



28 LEU 

29 ARG 

30 (GLYK^^ 

31 GLN 

32 TYR 

33 ALA 

34 PRO 

36 PHE 
38 PHE 

37 <ASP) 

38 LEU 

39 ALA 



Fig. 1A 
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PEPTIDE AMINOACID SEQUENCES 





A 




c 


n 


E 


POSITION 










01 


GLN 


(TRP)* 


MET 


ALA 


VAL 


02 


W W M ^ # 


SEB"" 


M^T 


SER 


VAL 


03 


GLN 


PHE 


GLN 


SER 


ASP 


04 


A 1 A 

ALA 


ASP 


CYS 


ALA 


M M M 


. 05 


GLU 


THR 


GLN 


GLU 


ARG 


Oo 


QLiN 


ILE 


ALA 


LYS 


PHE 


07 


GLU 


SER 


GLU 


GLY 


PRO 


08 


PRO 


THR ' 


GLN 


TYR 


TYR 


09 


1 CI 1 

LbU 


SER 


GLU 


ASP 


THR 


10 


VAL 


THR 


PRO 


LEU 


GLY 


1 1 


/ A D/ti^ 

vAHva/ 


VAL 


LEU 


VAL 




1 Z 


\/AI 


ASP 


VAL 


VAL 


ALA 


13 


LEU 


THR 


ARG 






14 


VAL 


LYS 


VAL 






15 


ASN 


LEU 


LEU 






16 


(ASP) 


SER 


VAL 






17 


(ARG) 


PRO 


ASN 






18 


(VAL) , 


PHE 


ASP 






19 


VAL 


(CYS) 


ARG 






20 


PRO 


(ASP) 








21 




LEU 








22 




PHE 








23 




THR 









fIG. IB 
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N-TERMINUS 100KD PROTEIN 



POSITION 

01 VAL 

02 VAL 

03 ASP 

04 GLU 

05 ARG 

06 PHE 

07 • PRO 

08 TYR 

09 THR 

10 GLY 



FIG- 1C 
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Figure 6 

1 GTCGACITCCCGTCCTATTCGGCCTCGTCCGCTGMGATCCATCCCAC^ 
Sail 

6 1 GCCACCTITGTGAGCriTCTAACCTGAACTGGTAGAGTATCACACACC 
121 ATGAAGGGGnTATATGAGACCgrCCGGTCCGGCGCGATGGCCGTAGCTGCCACTCGCTGC 

V 

m 

t 

l8l TGTGCAAGAAATTACITCTCATAGGCATCATGGGCGTCTCTGCT^ 

translation start 

2^1 ATCTGCTGTCTG GGTATGCTAAGCACCACAATCAAAGTCTAATAAGGACCCTCC^^ 
Intron start 

301 AGGGCCCCTGAAGCTCGGACTGTGTGGGACTACTGATCGCTGACT 

intron end 

361 CCTCCGGA'crrGGCAGTCCCCGCCTCGAGAAATCAATCCAGrraCGATACGGTC^^ 

421 GGTATCAATGCrTCTCCGAGACrrcGCATCTrrGGGGTCAATACGCACCGT^ 

481 TGaCAAACGAATCGGTCATCrrCCCCTGAGGTCCCCGCCGGATGCAG^ 

541 AGGTCCrCTCCCGTCATGOAGCGCGGTA'rtJCGACCGAC^ 

601 CTCTCATrGAGaAGATCCAGCAGAACGGGACCACCTITQACGGAAAAT^^ 

661 AGACATACAACTACAGCTrGGGTGCAGATGACCTGACTCCCTTC 

721 TCAACTCCGGCATCAAGTrCTACCAGCGGTACQAATCGCTCACAAGGAACATCGITCCAT 

781 TCATCCGATCCrrCTGGCTCCAGCCGCCTGATCGCCTCCGGCAAGAAATTCATCGAGG^ 

84 1 TCCAGAGCACCAAGCTGAA GGATCC TCGTGCCCAGCCCGGCCAATCGTCGCCCAAGATCG 

BamHI 

901 ACGTGGTCATrrCCGSfflGCCAGCTCATCCAACAACACTXrrc 

961 TGTrCGAAGACAGCGAATTGGCCGATACCGTCGAAGCCAATTrCACCGCCACGriTCG^^ 
1021 CCTCCATrCGTCAACGTCTGGAGAACGACCTGTCCGGTGTGACTCTCACAGACACA^ 
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Figure 6 (continued 1) 

1081 TGACCTACCTCATGGACATGTGCTCCTTCGACACCATCTCCACCAGCACCGTCGACACCA 

Sail 

1 1 A 1 AGCTGTCCCCCTTCTGTGACCTGTrcACCCATGACGAATGGATCAACTACGACTACCTCC 
1201 AGTCCTTGAAAAAGTATTACGeCCATGGTGCAGGTAACCCGCTCGGCCCGACCCAGGGCG 

V 

m 

t 

1261 TCGGCTACGCTAACGAGCTC ATCGCCCGTCTGACCCACTCGCCTGTCC ACGATGAC ACC A 

1321 GITCCAACCACACriTGGACTCGAGCCCGGCTACCTITCCGCTCAACTCTACTCTC^^ 

1381 CGGACTirrCGCATGACAACGGCATCATCTCCATrCTCTTrGCTT^ 

1^4 1 GCACTAAGCCGCTATCTACCACGACCGTGGAGAATATC ACCCAGAC AGATGGATTCTCGT 

1501 CTGCTTGQACGGTTCCGriTTGCTrGGCGriTGTACGTCGAGAT^ 

1561 AGCAGGAGCCGCTGGrrcCGTGTCTrcGTTAATGATCGCGTTG^ 

1621 CGGTraATGCTirGGGGAGATGrrACCCGGGATAGCTn^^ 

1681 GATCTGCkSGGri^TrGGGCGGAGTGTITrQCTT 

translation stop 

174 1 TATC AC ATTCCATATC ATrAGCACrrcAGGTATGTATTATCGAAGAT^ 
1801 ATCAATGGTGACnXJrCACTGGriTATCTGAATATCCCTCT^ 

1861 CATCACCCnTAAACAATCACACTCAACGCACAGCGTACAAACGAACAAACGCACAAAGA 
1921 ATATTTTACACTCCTCCCCAACGCAATACCAACCGCAATTCATCATACCTCATATAAAT^ 
1981 CAATACAATACAATATSarCCATCCCTACCCTCAAGrrCCACCCATCCTATAATCAATCCCT 
20^1 ACTTACTTACrrCTCCCCCrrCCCC(7rcACCCTrCCCAGAACTCACCCCCQAAGTAGTM^ 
2101 AGTAGTAGTAGAAGAAGCAGACGACCTCTCCACCAATCTCTTCGGCCTCTTATCCCCATA 
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Figure 6 (continued 2) 

2161 CGCTACACAAMCCCCCACCCCCriTAGCATGCACTCAGAAAATMTC/UW^TMCT^^ 
2221 AAGGAAAAAAAAGAAGAAGAAAGGrrACATACTCCTCTCATACAAACTCCAAGACGTATA 
2281 CATCAAGATGGGCAATCCCACpATTACTGATATCCATCTATGAACCCATrCCCATCCCAC 
23U1 crrrACnTGAmCTrrACTTAGAAGAAGAAAAAGGGAAGGGAAGGGAAAGAAGTGGATGG 
2401 GATTGAGTTACTGCrCACCGTCTXJGCAGCAAGriTrATATrCriTrGTrrG^^^ 
2461 rrCACTGCrCCTGCTGGACCTITGrrCACGGGGTGGTAGracriTGG 
2521 TGATCACTCTTGaiTrGGGGGGTrGrrGITGTCGTrGTrCriTOT 
2581 TCrmcrrCACITGGGGAmTrATITGGAATTGCnTAGmGAGrr^ 

2641 
2701 

2761 TCTITGTGCC^GGCATCACTCTCCATCTATQT^^ 

2821 GCTAAGrraACTOArrCrACCACAGTGCACAATAAGTATGrACITATrrc^ 

288lTITAQATrAACCCGCTrC?rGCTATrrGCCGTAG(nTrCCACCCAAT^ 

2941 ATTAAAACTCATCCTACACTACAGAATAGAAGrrAAAAGGAGAAGAGAAAAACAAGATAAT 

3001 ACAACCACrCCAGCrrCCATrCTAGATCrCGAATGACCACCAAATAAGAAAGCAA^ 

3061 AGTAAGCAAAGCATWCrKrrAAATGAACGCCAATAAC^ 

3121 /U^CGCTATGCACGAATGGCTCGAAATGATrCCCTTAACTCCGrAGrATrGAGAGTGA^^ 
3181 GAAAAGAAAAAAAGAGACAGAAAAGCTGACCATGGGAAAGAAGCATGATCAGrrCGGGAAT 



TGAATGG(7rGATrATTGGGAATGAAGTAGATITGGCrAT^TG(^ 
CAATCGATGaATGAATAQATCGAGGCGaAAAACnXJAGGrrGCmTGAGGrt^ 
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Figur 6 (continued 3) 

32M1 GGATCTGCGGCnTGAGATAGATATGACnTGCCTCGCAGATCCGGTGACAAGATAAGACSAA 
3301 TrGGGAGATGTGATCAGCCACTGTAACTTCATCAAGCATCGACATrCAACGGrCGGGTCT 
3361 GCGGGITGAGATGCAAGnTGAGATGCCACGCAGACCCGAACAGAGTGAGAGATGTGAGAC 

4 

I 

3421 TTITGAACCACTCrrGACTTCATCAAGCATCAAAACACACTCCATGGTCAATCGGTrAGGG 
3481 TCTGAGGGITGATATGCCAGGTrCGATGCCACGCAGACCCGAACCGACTGAGAAATATGA 
35111 AAAGITGGACAGCCACrrCATCTOATCAAGCGTAAAACCCCAATCAATC 
3601 AACGAATCTGCGGGCTGATGTGGAAATGAGACGAATGCCTCGCAGATrCGAAGACACGrrA 
3661 AATCGAGATGAACAATCACrriTAACTrCATCAAAGCCTrAAATCACCCAATGGCCAG^ 
3721 AlTCGGCrrCTGCGGC?rrGAGGnrrC(nCTTGAGATGC^ 

3781 CATTATAAGITGGACGAGTCTAGACTGACGATTGATAACCQAGATAAACAATCA^ 
3841 CTICATCAAAGCCTTAAATCACTCAATGGCCAarCTGTITaCGGT^ 
3901 CAAGrrcCGATGCCACGCAGACTGCAAACATrGATCGAGAGACGAQAAAAACAACGCACT 
3961 TTAACTTCAACAAAAGCCTITCAATCAGTCAATGQCCAGrCTGITCGCGGTCTGCGGGCT 
4021 GATATGCQACnTraAGCn'GCCTCGCAQACCGCGAACATGCGATGTAATITCTTAGnrrAGAC 
4081 GAOroCCnXSGCCATrGAaAAACGAGAGAAACAACCACTITAACTrCATGAAAGCCTTG^ 
4141 CTACTCAATOACCCGirK?rrGGCGC?rCTGCGGGCTGATATrc 

4201 AGACCGCCAACATGCGATGTATCATGTAACriTAGATGAGrrGACTGGCCATrGAGAAACGA 
4261 GAGAAACAACCACACTrCATGAQAGCCTTAAATTATTCAATGACCAGrCTGTICACGGTC 
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Figure 6 (continued 4) 

H321 TGCGG(JITGCrrATGCGACTCGAGCntX:CTCGCAGACCGCGAACATGCGATCIITrrCGATG 
4381 GACGACTGAAGCCTGACGATCGAGAACTATCTCACrrrGGGrrGGCCATrCGGCrGGCCGT 
TGGCriTrACrrATrAGGATCGTqAGGTrrGTCCGATGCAACGTrCCGTTrGCGTGCGn^^ 
ZJ501 CGCGACGAGCCCTCTCCTCGGCGTGAT^CTGAAATrCTGCAATCAGGGCAGCCGCAGCAC 
4561 GGCGACGGGACCTCCTCCAGGAGCTCTGTTGAACrrrrCGGGGTGGCGGTCCAGAAGGGGG 
4621 ACnTACATTAAAAGCCTCATAGATCn-CTTroGGTGGTTCCGGGGGGCCCATCGCAA^^^ 
4681 TTCTGGAChTCrGCGrCTGATCATCTCTrGAGTGTAATrGCGACGCAGACCGAaC^^ 
4741 C3ATmGGAAGGGCTGGATCGCTCCTGCTGACTCriTrCCCTCAGCGGGCTrc^^ 
4801 AGrrCTTCATTTCGGCGGGCTGATCrrrcCATCTCAaAATQGQAT^^ 
4861 ACCCGCTCCrcCCITCAAGGTCAGCTimTGCGCAGCGTm^ 
4921 ACTrTCOTTCCGGCTCTGGCTCCCTCCGGCGrrCGCriTCGGCACn^ 
4981 TTCGCCGCGGCGCCCTITGCGAGTCGGCTCCITGGTCTC™ 
5041 TGGACCGICirrCGGGGCGGrrrCATCGIWTGAGCGATCAAGGTrT^ 
5101 CGQCATCATrCGATCAACGGCAATrCCTCrCTTGCGGGCCTCCTCCCGAGCC™ 
5161 cCCCTraACCTCGTCCACGTTrrCGAAGAAGAAAGGCATCTTGriT 
5221 GCGCTCTCCCATGCGMGGGATATCCGAAGATGCGGTCCTT^ 

5281 TTCAGACCAATrcGAGGCTGGGGGAGCAATTrGTCTCCCrrAGGTGTrGrrrAGGGCGGAAC 
5341 CAAGAATAGCCTTCGCCTACAACGACAAGCTCTrCGCCAAATITAiil 1 x x .GGCCTGTA 
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Figure 6 (continued 5) 

5401 AAMCGAACCCATCCTCGTCAGTCCACCCKTrcCGrrCTCGGACGTAGAGATTCGC^^ 

5461 ATrCCCTCAACGCCGATCTCTGCCTGGGGCTGCGCTrCGGATGCGGCCTCGGTCACGGCT 

5521 CCGCCTCGGACTGCACCGCTGgAGmCGGTCTrCTrCTCCTGCTTCTCCAGGTACTC 

o 

f 

5581 TGCGTAACTCnTCGATCAGCCTCGGCTrCCGATGACTGCTCAAATrCTGGAGCAACAGCT 

5641 GCCGCGGCCAGCTTCAAGCAGGCGGTITGCTAAAACTGCCCATITrCCATCGACACCTGCC 

5701 TCCGACGCCTCn-GCAAAACCAGCTGTITTCGCATrtWCCTGriT^ 

5761 TIGACTGCfrGCCITGCCCTTrACTTCCTraAGAGCAGACTCTGGCTTAQATaATC 

5821 CGGTITCTGCGGAAGCGCCGCrrCAGATrCCAAAGATrCCATAGCTrrA^ 

5881 CTXSOTTOTXXJAaAAGTOCGCGCAGCTaACGTAGrraorTGAOT^^ 

5941 CCTOQGCCCICATroaAACCATCAAGACCAAATrr^^ 

4 

6001 TCAAAAGQAAAACTrfCGCCGTACGOAOTACTGCGriTCaATrCC^^ 
6061 TATCCAGACATGCnCTCGAATrCAGCCTrGCTOTCA^^ 

6121 TCAGCAACCACGCGGCCAAAGGGCCrrCTTCGGGAAAGAAGCTGTITCAAQAQAAaCGTCA 

6181 TCCACGGCCTCGCITGCGGCGrrGATrGCAGACTlTrcGAGTA^^ 

6241 CTCGnCGAQTAGCAACCTGTGAATTGGCAGCCTIXnXSACTGCTTC 

6301 ACGGACTAGACTGCACTGATITGGAATIUrGAffrCGCAGCCATr^^ 

6361 CGCGACGAGATCrcGCAGrrCffrQGTACGAGOACn'AGAGaiAGGCTGCCrAGCAGTG^ 

6421 AAGCTTCCnXSCTAGCCTCCTGGGCTrcAGCAGCTrCAGCAGTG^ 
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Figure 6 (continued 6) 

6481 ATTAGCGOAGCTITATCGGCTITGCCGCTCTGAGCCITGCKSACTAGMCrrGA^ 
63i\l CTAGAGTCCACGGAAGAAGTCriTCTCGCTGTrCTCAAAGCCGTrcAGCTTrGCT^ 
6601 GACTTACGCGTCTTGCGGCTGTIXKSAAGCGGAAGAGrrCATGGCGGGAGA^^^ 

M 

1 

6661 GAAGTAGACATGGTGGGGTITGrriXSACGGGTITIXJAGTMCMGAGACn-GCGTCG^^ 

6721 TTGAGTGITCTraACAGAAAGTTATGCAACCTMAC 

Sail 
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Figure 8 



1 ATGCxsctfix/ivix i cim'icr AC " nxJC ' ii ' rxy r A TCTCcTG^ 

-23MGVSAVLLPLYLLSGVTSaL 



61 GCACrCCCCCXJCrcGAGAAATCAATCCAGTTGCGATACGGTCCSATCAQGGQTATCAAT^ 
AVPASRNQSS CDTVDQOYQC 

-1 ♦! 

121 TrCTCCGAGACTTCGCATCTTIXXKSGrifcAATACGCACCGTTC^^ 

iSfsetshlwgqyappfslane 



181 TCGCrcATCrcCCCTGAGCnXKICCGCCGGATGCAGAGICACTTO 
38SVISPEVPAGCR VTF AQVLS 



241 CGTCATGGAOCGCGGTATCCGACCGACrcCAAQGGCAAGAAATACTCCGCTCTCATI^ 
SSRHQARYPTDSKQKKYSALIE 



301 QAGATCCAQCAGAACGCaACCAC^TITaACGGAAAATATGCCrn^^ 
78EIQQH.ATTPDaKYAFLKTYN 



361 TACAGCrKWOrrXAGATaACCTQACTCCCTIC^ 
98YSLGADDLTPFGEQELVNSO 



kZl ATCAAOriCrACWAQamACaAATCOCTCACAAOaAACATCaTrCCATTCAT^^ 
118 IKFYQ RYE.S LTRNIVPFIRS 



481 TCTQQCTCCAGCCGCGrraATCOCCTCXIGQCAAQAAATrCATCQAQQC^^ 
138SGSSRVIASaKKFIEGFQST 



541 AAQCTQAA<MATCCrrCQTGCCCAGCCCGGCCAATCGTCOCX:CAAGA 
ISSKLK DPRAQPGQSSFKIDVVI 



601 TCCQAGGCCAQCTCATCCAACAACACrrCTCaACCCAQGCACCrGCACTO^^ 
I78SBASSSNHTLDPGTCTVFED 



661 AGCQAATTOGCCOATACCCriXXSMGCCAATrTCACCGCCACGTrCCnXJCCC^ 

198 S E L A D« VEANFTATFVPSIR 



721 CAACGTCTGGAGAACGACCrrGrCCGGrGTGACTCriCACAaACACAa^ 

218 QRLENDLSGVTLTDTEVTYL 



781 ATQaACATGTGCTCCTTCaACACCATCnOTACCAGCACCaTCGACACCAAGC^^ 
238 MDMCS FDTISTST VDTKLSP 
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Figure 8 (continued 1) 



gl TTCrai^OCTCnTCACCOATCAOOMTGOATC^^^ 

90iAAmrrACGGC0Amm»A0arMcccacTcacccc=AccoA0G0^^ 

278 KYYGHOAGNPL^*' *■ ^ 

geiAACOAGCrOAl^COCCOIOIGlcCCACtOGCCTCTCCACGA^^^ 
298 NELlARLTH^jrvn 

1021 ACTTraGACm»AGCOOCGCTAOCmeOGCTOAACr|rACTC^ 
318TLDSSPATFPLN5 i 

1081 CATOACAACOaCATCAtCTCGATtCTOirrCCnTAO™ 
338 HDNGIIS ILFAU u*^ 

1141 CrATCTAOOAaaCCaXOaAaAATATCACOCAQACAaATCOATTC^^ 

358LSTTTVENITQTUU*: 

1201 GrrCCamGOTOGOOnTCIACGTCOAOATOATK^ 
378 VPFASBLTVEnnw^^'* 

1321 ^.O^^OA^ACCCOOOATAO^Aa^ 

I38I QATrGGGCGQAGTGrrnTGCTrrAa 
1J38 DWAECFA* 
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Figur 9 
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Figure llA 
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Figxire IIB 
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Figure 14 
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Figure 15b 
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Figure 15c 
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Figure 16 
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Figure 17 
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FIGURE 19 A 
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FIGURE 19 B 
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